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FOREWORD

Early in the development of what is now tile

Eastern Regional Remote Sensing Applications
Center (ERRSAC) came a brief Ilirtation with the
name "Eastern Earth Resources Training Center."

Wltile the name fortunately passed into obscurity,

it correctly emphasized the most essential element
' of NASA's efforts to extend the use of tts satellite"

remote sensing technolog_t-training. People who
do net at present know how'to use satellite remote.

sensing data in their environmental and resource

management jobs must learn how to do so. How-
ever, experience has pointed out several impedi-

ments to this learning process.

The problems of selection, motivation, avail-

ability and travel costs of potential trainees restricts
the number of people who can come to a central or

regional facility for training. The same factors also
restrict the length of time these personnel can

spend at such a facility. Turnover of personnel,
technological developments, new legislative require-
ments, and organizational decisions or mandates

also produce a continuing need for new training.
This workbook will help people who cannot

get away for training, or who can only get away for

a limited period, to acquire a fundamental under-

standing of the technology on which they can

build. It will serve as a primer for use by trainees
before coming to a central training facility, to give
those with a variety of backgrounds a common and

substantial base, thus enabling them to use precious

training time more effectively. This workbook will

assist in the introduction of remote sensing con-
cepts into college courses, which will help prepare

young people to use this technology in the resource
management jobs they will hold.

So there is a need, especially for those who

must learn on their own, for a remote sensing
primer. The "Landsat Tutorial Workbook" is a

response to that need. Many scientists contributed

their expertise, as writers or reviewers; they are
acknowledged elsewhere. All the contributors, and

especially Dr. Nicholas Short, the attthor, should
be pleased with the result.

An ancient parable tells us that if you give a

man a fish, you feed him for a day; if you teach a
man to fish, you feed him for a lifetime.

Welcome to the "Compleat Angler" of satel-

lite remote sensing.

Dr. Philip J. Cressy
Chief, ERRSAC

Goddard Space Flight Center
Greenbelt, Md.

iii



PREFACE

Remote sensing from satellites came of age in
the 1970's. As we move into the 1980's, many signs

point to the reassuring conclusion that remote sen-

sing from space is here to stay, not only as a useful

adjunct to remote sensing from aircraft but as a

valuable teclmique in its own right. Just _.wo indi-
cators will valiffate that statement. "One _s the

record of the Landsats-the three Earth resources

satellites successfully launched in the 1970's by the

National Aeronautics and Space.'AdministratioTt
(NASA). l Each of the first two performed superbly

for more than five years; the third, launched in

1978, has functioned through mid-1981. Together,
these satellites have radioed back images of more

than 800,000 scenes (often cloud-covered) of the

Earth; these images are of such quality that an
abundance of new uses and applications has been

spawned from the information they contain.
Confidence in the future of Earth-observing

satellites is demonstrated by the advent of a new
generation of Land_ats for the current decade, as

well as pl,,s by France, Jav_n, and possibly other

countries to design and launch ti:eir own satellites
for monitoring the Earth's surface. The other
indicator is provided by Presidential Directive No.

54, signed by President Carter on November 20,

1979, which charges the National Oceanic and
Atmospheric Administration (NOAA) with the

task of formulating and implementing a federal

program to establish and manage an operational
remote sensing/Earth resources system. This action

will provide timely data from satellites to a wide

.e

community of users in the United States and any

other nations interested in sharing in the benefits
of this new technology.

Thus, the spate of activity over the last few

years has turned remote sensing from an esoteric

specialty pursued by a small cadre of pioneers to
a fully-fledged field practiced by many thousands

throughout the world. The remote sensing com-

munity now consists not only of physicists, photo-
grammetrists, and instrument technologists, but

also of an increasing number of discipline scientists,
nontechnical managers, and even line workers, most
of whom have limited schooling in the scientific/

technical foundation on which remote sensing has

developed. A remote sensing symposium today at-
tracts a variety of professiona.._, such as foresters,
land use planners, geoffaphers, environmentalists.

hydrologists, agronomists, architects, geologists,
and meteorologists. In most cases their education

did not include any formal training in remote sen-
sing. That subject, as it has since evolved, was not

taught in many universities or technical schools
belbre the late 1960"s and even now is available

only at a few colleges. The situation will surely
change as a burgeoning job market creates demand.

However. meanwhile, how is the existing work force

to be given caough background and skills in applied
remote sensing to "'take up the baton and run'"

until joined by a new team?

IMost of the acronyms used in this workbook are identified at the

end of Appendix D.
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NASA recognized ahnost as soon as it defined

its Earth resources alld remote sensing programs ill

the late 1_)60"s that most of the potential user

COl|llnunity lacked detailed understanding or" this

new techn_logy. In I t)71,a NASA-initialed slutly

group, on which tile author of this workbook

$ervetl. w;.:s COilVelled it) recolllillend neetIs and

Ille;.lllS foI assisting tile user conlmunity, through

various t.xpes of training and educational progr:mls,

It) develop sul'ficicnt expertise to eventually apply

renlole sensing ill its ongoing functions and opera-

tions..\l:my of tile ideas resulting from this study

have beell used ill tile design :md.,iml_lementation

of :l series of training courses for state alld local

government agellcy i'_ersonnel and university faculty

giveri :it the I!:lstern Regional Remote Sensing

At_plications Center (1! RRSAC) ;it NASA's Gotltl,lrtl

Space Flight Center.

This workbook is :1 cot!Ipcndiunl of nluch

that is presented in these courses, supt+lenlented by

even more material Ihat would be taught but for

lack of time. The inlpetus for writing the workbook

is derived I'ronl two ttnrelatcd objectives. First+

there is a pr:lgmatic reason. We at i:RRSAC believe

Ill;It nltlch of tile inft)rmation frt)m Ille Cotlrse C:lil

be given before a trainee comes to Goddard for

form:d instruction: this frees up considerable time

for working there (with computers alld other pro-

cessitlg cq.,_it,mentl on 111c data l'roln Lalld_at ,.illtl

other types of renlote sensing products. Tile work-

I_ook i_ COtlCeived to do precisely this task by

covering inos[ of lilt stlb.iect matter of a full training

cotlrse in a sellLteaching mode, e_,en to simttlaling

SOllle O1' tile "'h;llldS-oll'" colnptller ,.lllalysis tile

trainee will rio ;It t;otltlartl. Secondly. :lntl Oil a more

personal note. the workbook reflects the author's

backgrotlnd alltl interest in ;.Icadeillia stenln!iilg l'rolll

his cxperiellces in teaching. Frt'Hll numerous con-

vers;ttions with faculty contacted in connection

with the author's duties as University Progranls

coordin,ltor for i-RRSAC, he has noticed a per-

sistent gap in tile instructional resources av:lilable

for remote sensing education both on and off cam-

ptlS. Although there ;ire now a Iltlllll_t'r Of good

texts on remote sensing, there is still no "'how It)

do it" training manual that combines a review of

basics, a survey of systenls, ,ltltl a treatment of the

principles ;|lltl mechanics of image ;mal.x sis by coin-

puter, with a laboratory approach for learning to

utilize the data through practical experiences with

the applications. This workbook should accomplish

this amalgamation. Furthermore, it is intended to

let you, the user. achieve this on your own by guid-

ing you to complete the exercises and questions

at your pace and in your own surroundings at

home or in the office. The workbook is completely

self-contained except for a few standard items

such as rulers and colored pencils. The workbook.

then, is your classroom, with you in the dual role

of teacher and student.

This book has been ahnost three years in prep-

aration, having been started'as a simple hand-out

to acconlpany a forty-five minute verbal overview

of Landsat during a one-day workshop for state

legislators in 1978. M:my individuals have since

made contributions of _.'arious sorts to its tlevel-

opment and testing. Specific aeknowledglnents of a

debt of _atitude are directed to Dr. Philip Cressy.

Chief of ERRSAC. and Dr. I:.K. Ram;:priyan of

ERRSAC for their intensive revieas, and to W.

Campbell and S. Cox of ERRSAC for their written

contributions as well as reviews. Other members of

ERRSAC provided useful suggestions along with

reviews of sections of the workbook. Personne!

from Computer Sciences Corporation (CSCI.

supporting ERRSAC, assisted in preparltion of rile

rcxicw copies: particular thanks goes to Dr. F.

Gunther for hell)eel comments on several sections,

to J. Rose for writing a section on tnicroprc_cessors,

:lntl to M. Tarlton tbr nluch of the artx_,ork. Reviews

of the first version were carried out by several

university faculty during a Summer It)7q t_qlow-

ship program at Goddard. Detailed reviews of the

fin:d manuscript were supplied by staff at NASA's

l'arth Resources Lal+oratory (Bay St. Louis. Miss.L

at the Western Regional Applications Program

Center (NASA Antes Research Center. Moffett

Field. Calif.) and at the Department of the Inte-

rior's EROS Data Center tSioux Falls. S. l)ak.). A

similar review was undertaken by Ms. Shirley Davis

;illd staff at Purdue's Laboratory t\+r Applied

Remote Sensing (LARSL Special thanks are

directed to Dr. Norman MacLeod for his iiw,llu-

able technical review at the galley proof stage

which led to _me important corrections alld

additions.
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ORIGINAL P;,GE |5

OF POOR QUALITY

Some tJsers of this workbook may become so

intrigued with their newly acquired knowledge and
skills as to feel ambitious and challenged enough to

want to do more practical exercises or to answer

still different types of questions dealing with re-
mote sensing. Such zealots should be aware of sev-
erai other workbooks that have recently appeared

in the marketplace. Two remote sensing laboratory
manuals are now available. The Laboratory Manual

tor hltroducthnt to Remote Sensing of the Em'i-

ronment, c, lited by Benjamin F. Richason, Jr.. was

published in 1978 by Kendall/Hunt (Dubuque,
Iowa) to accompany his textbook of the same title
_see reference in Appendix G). This mamlal stresses

aerial photointetprctation but includes sections
covering other aspects of remote sensing. In 1981,

Floyd F. Sabins, Jr. distributed a P,emote Sensing

Laboratory Manual (obtained from Remote

Sensing Enterprises. P.O. Box 2893, La Ilabra.
Calif. 906311 as a Colnpanion to his book entitled
Remote 5\'nsing: l¥inciples and btterpretation

(,Xppendix G). Botl_ that book and-the manual

highlight geological examples but include discus-
sion and questions covering some other tlisciplines.

The USDl/Geoiogical Survey EROS Data Center
(Sioux Falls, S. Dak. 57 ! 981 has developed a series

of individual workshop exercises that can be pur-
chased. Many of these treat geological topics but

other application areas are included in several of
the exercises. Finally, various basic concepts are

presented through questions and simple exercises
in the Study Guides that are part of the slide/

attdiotape sets in a Minicourse Series on the Funda-
mentals of Remote Sensing produced at the Lab-

oratory lbr Applications of Remote Sensing

(LARS), Purdue University (W,:st IMayette, Ind.
47907 _.

So in summary, the moment to start has

arrived. Enjoy your endeavors. Avoid feelings of
frttstration when you do not know the answer, or
more likely, rio not understand a question because

of the author's wording or oilier ambiguities. The
el]tl result in completing the questions in the work-

book, be it prilnarily from your own efforts to re-
spond or from having looked at the answers in Ap-

pendix II, will be strong awareness of what remote
sensing is. what it is used for, and what you must
resolve to do next to master the field.
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OF POOR QUALi.'t"i

In general, the activities are best undertaken
tl_.c sequence (see Table of Contents) in which

:y are presented. Each activity starts with a state-
nt of learning objectives; these ._re the informa-

n and skills you are expected i.o master before

_gressing to the next section. After completing

tivity 1, and before starting Activities 2 and 3,
would be wise to consult one or more of th':

erences on remote sensing principles listed in

_pendix G. Before beginning the second activity,
:d through Appendix A, which reviews the

ndsat system. You may want to refer to the

,ssary in Appendix E whenever unfamiliar terms
presented in any.ac_iqity. We strongly advise

_ to read throu_31 Appendix B, a nonmathemat-

i review of processing by computer, at least once
:ore attempting Activity 5 unless you are one of

- few with in-depth knowledge of image pro-

:sing by computer. Activities 6 and 7 are straight-
-ward but presuppose completion of the preced-

: activities. Activity 8, a case study of applications
New Jersey, asks you to evaluate what you have

rned by surveying art actual-sta_-conducted
,gram leading to practical z[pplicati'Ons. Consid-

:tion of other remote sensing systems-past,

:sent, and future-is deterred until Activity 9,
several references-to individual'system.s, and

• _ ; ....... °.. P'_,: .

-_r products, occur m earher actw_¢_es'.e.i,_e ac-
ity ends with a quick look at several f_lturc

\SA programs and missions in remote sensing that
: now under consideration. The main text closes

:h a summary that includes a brief resume of the

vantages (including selected cost benefits) of

•n_= Landsat-centered data to solve practical
)blems in Earth resources and environmental

m.agement.

The figures and tables are placed near the first
:rant activity task; however, some illustrations

also referred to at several other places in the
.t..Most of the black-and-white (half-tone) prints

• arranged in Io_cal grot;pings (for example, four
:ds of one scene; intages to be compared) on

_le or facing pages. Sometimes. several color
•ditions are combined on single pages. Within the

.t. each specific Landsat image is referred to by
gure number, or in many hastances by its unique

ntification number (see page 32), or date of
_ge acquisition (overpass), mterchangeably. The

:Jnal annotation provided with Landsat images
, been preserved wherever a_propna:e.

Whenever possible, images and maps are re-
produced at the same scales as the originals.

Special materials such as transparent overlays,
image transparencies, and maps, are contained in

the pocket mounted inside the back co_er. The

overlays are matched as closely as practi_:al to the

corresponding intagery, but you should exercise
some judgment in looking for small features lo-
cated at the end of the keyed arrows.

You must fllrnish certain materials needed for

the activities. These include:

1. Pencils (standard lead and multicolor set),
2. Clear mounting tape,

•3. Rulers, dividers, other measuring tools,

4. Magnifying glass or hand lens,
5. Pocket stereoscope,

6. Light table (optional).

Most questions require an answer; some do

not, having been posed simply to stimulate your

t.hir,,king. In the original test version of the work-
book." sp_ce was provided to answer the questions

much in the manner of a laboratory manual in a
physics or earth science course. For several practical

reasons we have dispensed with that approach in
this publishd_.t volume excetSt for a few questions

where sketches or plots are called for. We suggest

two options in your response to the questions. One
alternative is to answer the questions in your head.

Many '.earners would prefer this mental action as it

allows one to proceed more rapidly by avoiding the

tin, c-consuming _ riqng of a sentence or paragraph.
The other alternative is to record your written
answers on separate paper or in a notebook. Some

people think better when a response must be or-
ganized and written down and some will wish to

document their thinking in a permanent form.

Regardless of which course yo:_ choose to follow,
be encouraged to cross-check frequently with the

answers sectiott to assure yourself of being "'on-
track" and to partake of certain discussion or added

thoughts developed in many answers that you

might otherwise miss. Depen,ling on your skills,

experience, and attention span, you will probably
finish the workbook reading and activities in about
thirty-six to forty hours. Thi_ estimate is based on

the time needed by volunteer testers to finish the
ilcxt-(o-fiiial _'ers_Gi't of t_t,: ',_,.,fkbouk.
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Guidelines for Effective

This workbook was initially conceived and

developed as a teaching aid for the training pin-

grams conducted by the staff of the Eastern
Reg_o_ial Remote Sensing Applications Center

(ERRSAC) at NASA's Goddard Space Flight Cen-
ter. Two _oups of trainees have used .rod tested
the workbook in its formative stages: (1) personnel

from state agencies suet: as departments of natural

resources, envLonmental protection, and regional

planning, and (2) university professors from depart-
mettts of geography, geology, oceanography, for-

estry, biology, and engineering. Each group

displayed a diversity of backgrounds and skills,
wlfich are probably representative of those possessed

by most users of this workbook. In other words,
we expect users to have some previous scientific or
technical training. Many of them will come from
federal and state agencies, private films, and tmi-
versities, where their relevant work en_phasis is on

obtainillg information :o monitor, inventory, ex-

plore for, and manage the Earth's surficial resources
and environments. We imve "pitched" the baseline
level of the activities to the skilis and experience of

an t,pper division college student in one of the
natural science or technology fields.

Two valuable attributes that shauld be pos-

sessed by most users are.first, a broad under_tandiHg
of the identifyin£, characteristics of the major
natural and man-n|ade features found in various land

and marine environme,:ts, and second, familiarity

with the appearance of these features as seen from
above (i.e., from aircraft or in aerial photos). In
mmly insta_;ces, a user will ahnost certainly not
have a specific background in some of the disci-

plines (cartography, geography, geology, hydrology,

agriculture, forestry, land use, ecology, environ-
ntental science, resourcesmanagenlent)now routine-

Iv employing Landsat data. In such ca_es, the user

may lack the direct experience to deduce or other-
wise obtain the answers to certain questions or

observations within the workbook activities.

If this applies to you. we still urge you to try
as much of each activity as your 3kills permit by

responding whenever you can to the numbered

questions. However. feel free to omit any b_yond

your expertise o. interest. In Appendix H. you will
find the author's su_ested an.,wets to nearly all

the questions. These answers ,re considered to be

Use of This Workbook

valid although not alwa}s uaJqucJy correct.

Many answers are accempanied by brief explana-
tions or discussions of the author's intent or of the

.;nformatien conveyed. As you : :'oceed through the

activities, you are encouraged to look _:p an answer

whenever you are uncertain of your reuponse, tack

the requisite knowledge to respond, or find the

question unclear. But hold :his "peekipg" to a
minimum. In :his way, you will be following some

of the procedures underlying the "programmed
learning" technique of self-teaching, in ,vhich :he
learner moves on only after mastering each ,.ew

unit of study by giving "correct" answers for each

step.
This workbook is constructed primarily around

just two scenes m the eastern United States. Thts
allows you to concentrate on a t)nical region in
which you might conduct _om: pr, cticai applica-

tions in an operational mode. '_f you are personally
fa:niliar with eastern Pennsylvania and New Jersey,
or at least with similar area_ in the eastern United

States. you have a distinct advamagc. If not. you
may wish to read througk some reference books

on regional geography or physio!,raphy (for exam-

ple. Hunt. C.B.. Natural Reg )ns of the United
States and Canada, W.H. Freeman and Co.. San

Francisco. 1974; National .4 tlas of the United

States. U.S. Geological Survey. 1970) to expand

your background.
It would have been possible _ organize the

study units around a variety of Landsat scenes
from across the country or worldwide. This would
allow better choi'es of repre : "tative exampks of

certain topic_ covered in several activities, but
would likewise have re_ uired an individt, al to have

a broader range of loc'-tio-r,-dependent know!edge.
The scenes used in th," workbook were ultimately
chosen to optimize the variety ot terrain and cul-

tural types present in several eastern states within

the regions serviced by the ERRSAC program.

However. to We wider scope, or universality, to

the potential applicability of this book. twelve
selected Landsat scenes from other par_s of the

wor!d ate included in Appendix: C. along with some

genera! questions pertinent to each scene. By work-
ing through that appe_ad-x after completion of the
activities, you should gain a fuller set of skiils in

handling Landsat data from many regions.

9b



SYNOPSIS
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Tile tutorial workbook has been conceived as

a "'user-friendly'" document. Its tmderlying philoso-

phy is to present the reader with a straightforward

opportunity to learn about remote sensing by doing

something with data-derived int'ormatioa rather

than just reading about it as one usually does ill a

textbook. Thus. we have called this a workbook

simply becau,_ you, the reader-or, better, the

strident-must conunit your mind and your time

to actually do much of the work in the overall

learning process by answering innumerable thought-

provoking and instroctive questions and by solving

simple problems or completing exercises.

Moreover. since the workbook is ilOt meant to

be a textbook, many topics in remote sensing

normally found in a text are instead treated

cnrsorily, or in a nonconventional nlanllcr, or life

not covered at all in the workbook. The empllasis in

the workbook is therefore not on comFletencss or

detail but on practicality and applicability. The

book edtlcavol's to concentrate on tile concepts.

lechniques, and. skills needed to get started :lnd

then get the job done, wzthout being distracted by

tOO rill.lOll theory or too Malty eXCtlrsit_tls into

acaddmic or peripheral sttbjects. To a large extent.

the workbook proceeds :tlotlg much the >atnc

course followed during the one-week training

program at the Eastern Regional Remote Sensing

Applications Center IERRSAC) at NASA's God-

dard Space Flight Center, ill which stress is placed

on what intlst Ive learned alld understood to be-

collie functional in remote sensing operations with

a inillimtlnl of pedagogy :tnd a illaxinltHn of hands-
on activities.

This workbook is designed to assist you to

learn, on your own. the answers :o the followi_.g

I_asic qttcstions:

• What is remote sensing?

• What is Landsat and how does it operate?

How is L_ndsat-based technology applied

effectively to mapping, inventory, and

management of tile Earth's resources and

man's activities?

• What makes tile mnltispectral approach to

data acquisition and analysis work?

• How does one "read" a Landsat image?

tlow call you interpret and extract useftd

information from Landsat data by visual

inspect ion?

• Wily does digital (computer) processing im-

prove results':

• What other remote sensing systenls are pro-

riding useful data complit;lentary to Land_t?

How is Landsat-derived ilfformation inte-

grated with infornlatiotl of other kinds :rod

sources?

What are tile cost benefits (economic payoff)

in ttsing Landsat and other remote sensing
data?

You shottld proceed through tile workbook at

your own pace. All relevant image products :_re

contained in this volume. You should be able to

complete the activities, depending on your skills

and experience, in thirty-six to forty hovrs.
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ORIGINALOF POOR

INTRODUCTION
A new era in space applications that locus on

the Earth itself was opened on July 26, 1972 with

the launch of the first Earth Resources Technology
Satellite (ERTS) (Figure I-1). It has since been

renamed Landsat and has been joined by two other

vehicles in orbit. This family of satellites has proved

an invaluable component of a new approach to

locating, monitoring, and managing many of the
natural and man-made resources used by all peoples

of the world. To appreciate the significance of this

approach, you are encouraged to read, or at least
browse through, the book that best summarizes
the achievements of Landsat for the general public:

Missi6n to Earth: Landsat Views rite Worl'd _

(Short. Lowman, Freden. and Finch)

before you start this workbook. For those without

access to Mission ;o Earth, the section (Appendix

A) on the Landsat system in that book (describing
spacecraft characteristics, orbital parameters, pay-

load and the data processing and products) is re-
produced in Appendix A of this workbook. A

summary of the Landsat system is also provided in
Table 1-1.

After perusing Mission to Earth, you are like-
ly to agree with the worldwide community of Earth

resources specialists that the Landsats are among

the most sophisticated and prgductive satellites
ever orbited by NASA. Numerous applications of

data acquired by these satellites have been devel-
oped and verified, as summarized in Table I-2.

In particular, you should examine the review of
applications included in pp. 1-26ff of that book

under the title "'Survey of the Landsat Program"
INASA SP-360; for sale by the Government Printing Office @
S14.00.

• \

-- _ ANTI[NNS

_N_R

A_"ENNA

Figure I-1. Left: Landsat-1 spacecraft undergoing fabrication at General Electric's Space Sciences Facility at Valley Forge,

Pa_ Right: Schematic sh- ring control and sensor systems or: Landsat-1.

PREC_'DiNGPAGE i_LANKNOT'FXrJiED



Table I-1
The Landsat System t

• Coverage of nearly the entire land surface and selected ocean areas of the Earth
• Spacecraft altitude: 917 km (570 nautical miles)

• 14 revolutions/day; repetitive 18-day cycle; multiseasonal
• Sun-synchronous near polar orbit; fixed time (ca. 9:30 a.m. local Sun time at Equator) of

4.

passover imaged scene
• 185km X 185km (115 statute mile × 115 statute mile) ground scene in each image; ortho-

graphic; ,.*,andard ima£e scale in 9-in format: i:1,000,000
• Stereo sidelap viewing: 85% near polar to 14% equatorial

• Effective ground resolution of image: 79 m (260 ft); 0.45 hectare or 1.1 acre

• Sensor Systems:

* Multispectral Scanner (MSS) *
Band 4:0.5-0.6 #m (green)

5:0.6-0.7 p.m (red)
6: O.7-O.8/zm (near IR)

7:0.8-1.1/zm (near IR)
8: 10.4-12.6_um (thermal IR)

(Landsat-3 only)

Return Beam Vidicon (RBV)

Band 1: 0.48-0.57 #m (green)

2:0.58-0.68 #m (red)

3:0.69-0.83 pm (IR)

(RBV on Landsat 3:0.50-0.75 _m)

Onboard digitization of data; recording on tape of data collected when the satellite is beyond
the line-of-sight of any Landsat Ground Receiving Station

Principal data products:

Black-and-white and color prints and transparencies

Computer-compatible tapes (CCT's); 7 and 9 track; 800 and 1600 bits per inch (bpi)

Computer-processed data bases:
-- Statistical evaluation of radiornetric parameters
-- Density-sliced images or printouts
- Contrast-stretched images

- Edge-enhanced (band pass filtered) images
- Band ratio images or printouts
- Classification (thematic) printouts or images ("maps")

tLandsat-1 launched on July 23, 1972 and ceased operation on January 6, 1978;

Landsat-2 launched c,1 January 22, 1975, stopped on January 22, 1980 but resumed

operation on May 27, 1980; Landsat-3 launclled on March 5, 1978, MSS turned off

on December 17, 1980, reactivated April 13, 1981.
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TableI-2
SummaryofApplicationsof LandsatDataintheVariousEarthResourcesDisciplines

Agriculture, Forestry Land Use and Oceanography and

and Range Resoumes Mapping Geology Water Resources Marine Resources Environment

Discrimination of vegeta-

tive types:

Crop types

Timber types

Range vegetation

Measurement of crop

acreage by species
Measurement of timber

acreane and volume by

species

Detsrmination of range
readiness and biomass

Oetelmination of

vegetat=on vigor
Determination of

vegetation stress
Determination of soil

conditions

Determination of soil

associations

Assessment of grass and

forest fire damage

Classification Recognition of rock Determination of water Detection of living Monitoring surface

land uses types boundaries and surface marine organir_nns mining and recla-

Cartographic Mapping of major water area and volume Determination of mation

mapping and geologic units Mapping of floods and turbidity patterns Mapping and

map updating Revising geologic flood plains and circtJlation monitoring of

Categorization maps Determination of areal Mapping shoreline water pollution

of land Delineation of extent of snow and changes Detection of air

capability unconsolidated snow boundaries Mapping of shoals poilu*ion and its

Separation of rock and soils Measurement of glacial and shallow areos effects

urban and Mapping igneous features Mapping of ice Determination of

and rural intrusions Measurement of sedi- for shipping effects of natural

categories Mapping recent ment and turbidity Study of eddies disasters

Regiona; volcanic surface patterns and waves Monitoring envi-

planning depo+.i,_ Determination of ronmental effects

Mapping of Mapping landforms water depth of man's activities

transportation Search for surface Delineation of (lake eutrophica-

networks guides to minerali- irri£3ted fields tion, defoliation,

Mapping of zation Inventory of lakes etc.)
land-water Determination of

boundaries regional structures

Mapping of Mapping linears

(fractures)

The main purpose of this tutorial workbook is
to convince you of this last statement by giving

you some direct "'hands-o,_'" experience with Lan,t-

sat imagery and computer products. To accomplish
this. you must proceed through the tutorial activ-

ities 1-9. preferably it, that order.
Our minimal goal in leading you through these

activities is to provide you with an appreciation of
the Landsat system and an ability to apply Landsat

images to your work and everyday life. For exam-
pie. you can expect to see your home state from

the new vantage point of space. However, you need
not be in orbit to see the Earth in this way. Try

using a Landsat image as a map during your next

air trip. You will be surprised and delighted to learn
how easy' it is to locate and orient yourself as you
look out and to predict what will shortly appear

along the flight line. llowever, ask yourself about

the information you lose by relying on the image
alone. How well can you identify and classify the

ground features-especially crops and land cover-

that you spot in the image even as your plane passes
over? How can you keep track of the thousands of

individual features encountered during the flight'?

How do you retrieve data on the characteristics

of objects in the scene-in particular those that
oh;rage with time over the seasons? As you seek

answers to these and similar questions, you will

begin to appreciate the advantages of compute;
processing in handling the huge quantities of in-
formation supplied by the Landsats. This is the

broader goal addressed in this tutorial workbook.

On completing these activities, you can expect
to have gained considerable understanding and
skills that will enable you to interpret Landsat data,

develop your own applications, and solve practical

problems with remote sensing techniques. How-
ever. you will not become a certified expert: that

is, you will not be ready to set up a remote sensing
facility or establish a utilization program within

your organization. That will require much more
experience on your part through extensive reading,

formal training, attetadance at workshops and
symposia, and more effort with actual production

work on relevant projects ol your own choosing.

Now, before you begin these activities, rev?ew
the advice and instructions in the next section,
which provides a set of _uidelines for effective use

of this workbook through the sell-teaching or
tutorial approach.
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A CTIVITY !

SOME FUNDAMENTAL

CONCEPTS IN

REMOTE SENSING

LEARNING OBJECTIVES:

• Derelop a working definition o1" the term remote sensing attd understand the significance of the key
ideas in this de]h,ition.

• B,'come familiar .wfth tll_ }na$,n'etic SlWCtntm'_ e_l,ecially those wavelengNt r_'id _ arailabh,

to rentot_r sen_ing. " " _.'; ##'_

• l:'.vantitte cncrgy attd wa_'e pr_pa,.'ation laws ]br relevance to remote sensing.

• hn'estigate the characteristics of emitted and ,elh'cted radiation and its dctec'ion b) remote sensors.

• ('nderstand the meanhtg oJ'classe: and their idcnti]h'ation by spectral s(¢natures

• .llq_rt'ciatc the multislwctral approach-a keystone of remote sensing.

• Surrey tire principal types o]'sensors attd platfomns used in remote sensing.

i

.. ;° *_... ,.,.
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INTRODUCTION

The professional in tile field of remote sensing

needs a broad background to be an effective prac-

titioner. St,oh an individual will probably have a

minilnunl of one (.college) degree in science, engi-

neering, or technology a:ld will havedeveloped :m

acquaintance with. and solne nlastery of, physics

(with emphasis on optics and radiation), mathe-

matics (particularly statistical nletllods), aspects of

electronics, digital data processing, and possibly

aerial pllotogrammetry. He or she. as well, will

probably be a natural resources specialist (a geog-

raplrer, forester, agronomist, hydrologist, geolo-

gist. or environmental analyst), or will. as a resour-

ces manager or decision maker, have developed a

strong working knowledge of these fields.

You just might fit closely into the above

model of a professional in remote sensing, in which

case you are probably not using this tutorial work-

book as a learning tool. However. it is more likely

that you are a l_,.s(_[lrces progr:lnl nlanager or

_,,,. technician, a decision maker ill a legislative or

_"executive position, a college professor or student.

or a member of the general public. Your present

objective is to obtain rather quickly some under-

standing of and practical skills in satellite remote

sensing without recourse to u, intensive study of

textbooks, a plethora of journal papers, or a

semester-full of lectures. This workbook _hotdd

help you to accomplisll that end.

tlowever, you will also realize -al't.er you have

tried some of the exercises or at least scanned this

book-that the theoretical foundation of remote

sensing is a ¢onlplex subject that requires some

technical awareness to apply it effectively as a

problem-solving approach. One aspect of the tech-

nology not covered in depth in this workbook is

a comprehensive review of the basic principles of

remote sensing, both in theory and in practice. If

you wish to become proficient in the field and

want to delve further into the literature, an appre-

ciation of these principles should be your goal.

To aid you in planning for further self-study,

we have devised a checklist of the main concepts

that together provide a foundation in the principles

of remote sensing. These are presented in Table I-i

as key phrase topics, arranged logically in a se-

quence that ini_lt be followed in a formal course.

If. after perusing this list. you decide that you

already have a firm understanding of these princi-

ples, or if you wish to avoid becoming enmeshed in

what might appear to be "'heavy" theoretit_al con-

siderations, then skip this activity and proceed to

Activity 2. Ilowever, you are more likely to want

to refresh or enlarge your background in some of

these fundamental ideas, or may need to build al-

most from scratch, and are therelbre urged to read

on. Be reassured that the treatment of basic princi-

ples of remote sensing in Activity I, which touch

upon some but not all topics listed in Table 1-1. is

presented largely from a nomnathematicai ap-

proach l except for some key lbrmulas). Another

inducement for reading (and thinking) through this

chapter is simply that some important terms used

frequently in the workbook will be defined or

otherwise evaluated here.

REMOTE SENSING DEFINED

If xour time is not at a prcmiunl, you might

bcsl n,astcr the concepts of Activity I by c:lrcful

reading t)f the rclcv:m! chapters ill the prime refer-

enccs _Appcndix (;). Ilowever, since this is likely

to bc inconvenient, we shall instead try to give you

a quick grasp of the bare cssenti:ds of remote

sensing principles z by having you review some

important concepts and terms embodied in (or

derived from) the following working definition of

I'Ctll¢J[t" St'llSitl,_ itself.

Remote sensing is the acquisithm of data aml

dcriratire information about ob/ects or materials

(targets) h)catcd at the l:'arth 3" surface or in its

atmosphere b)' ttsittg settsors mounted on plal]'orms

located at a distance from the targets .to make

IMuch of the material covered on pp. 14 through 38 _'45 exlt'aeted

from Chapters 3 and 4 of the Manual of" Rein,u, ._'_x¢ng t_e

Appendix G).
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Table 1-1

Basic Principles of Remote Sensing: Key Phrases

Nature and definition of remote sensing

Definition and review of the electromagnetic spectrum

Nature of light and color

Principles (laws) and practices of optics

Energy/brightness/intensity relations

Radiance/radiometry/irradiance/excitan,;e

E mittance/reflectance/absorptance/transmi ttance/scattering/albedo

Look angle/aspect/bidirectional reflectance

Units of measurement

Solar illumination

Photographic inlages/filters/films

Aerial photogral,)hy, photogran]metry, and photointerpretation

Stereosco13y .... • -:

Resolution/resolving power?s'i)atial _n_d spectral resolution

Production and manipulation of photo-images; role of photo-contrast

Spectral signatures (response curves)/sources of variation

Spectral prol)erties of materials

Role of atmospherelattenuation/windo-vs,'corrections

Multispectral sensing/multibands

Thermal concepts: blackbody radiation; radiation laws - Wien's Displacement; Stefan-Boltzmann;
Planck; Kirchhoff Laws

Nature. function, and design of sensors/detectors; scanners/radiometerslspectrometers

Sensitivity/detectability/signalt°'n°ise ratio

Active/t)assive systems; in_aging."nonimaging systems

UV/visible-near I R/thermal I R/microwave/radar systems

Limitations of remote sensing

Illt'dSIII't'HIt'HL_" (ll,_'ll(IHl" I?lllllispt't'[l'tll) c).[' ill[t'l'd('-

/i(_llS I)t'fWt't'll l/It' ldr._t'L_" ,IH¢I ¢'/t'l'll'_)llhl_llt'li("

r,t, li, tti_ m. "

=1-1 Ila/_c pl_t¢" ,_l" (c_r ttmh'rlitt¢ ) the _t'l"

W_ )t',#," ill lht" _t't'fl/lillt)/I _ _.1"rt'/tl_ _tt" St'l;._illt;

"_._'tltl_' dt'lirllll_ln._ Iiwllld_" _'t'l|.llll lo|_.'t" ll¢]t|._ (t'._.o tlld._ll¢ll¢)kll

_'_'_'11 nt¢_'|'l;llll=';ll w.|_'t'_ (¢_t.. ._Olllt') .I..i |_.1I[ _| I¢ll_l+|t" _.'llriulg.

_'II_. _. :,L.ic 1_1_|_4.'Ii_ I_t'|_.llg to t'.¢ol_h_..;It'.; I.)lhcl'_. ¢_ny.ldt'r rt'lllL_l¢

_¢n_lltg to be .i gt'oph_ _,k'il lt'_'hniqtlc llS¢If.
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MATE RIALS AN D 0 BJE CTS- SOME

PHILOSOPHICAL MUSINGS

Before we begin to dissect and analyze this

delinition of remote sensing, we need to ponder

and expand upon some fundanlental meanings and
concepts dealing with such ideas as "'matter,"
"'class." "'feature," "'identification.'" and "'measure-

ment.'" The acquired data consist primarily of
measured variations in intensity of radiation reflec-
ted or emitted from the sensed surface. These

data, to be usefttl, must be translated into meaning-
ful information about surface materials and ob-

jects, and must also be spatially and geographically
speci tic.

#1-2." Suggest serenzl types of infimnation

about natttral or man-made objects that can be

dcrired from tlw data (for examph,, shape).

Most remotg senslng devices provide data on

surface features or classes in their.correc,t spa.t!al,
relations. But, as we shall°see later, the parameters

really being measured by remote sensors are

spectral characteristics resulting from the interac-
tion between radiation and matter. Moreover. the

materials co)_sist of individual atoms or molecules

making up substances or aggregates of substances.

Much like a tktndamental concept in Aristotelian

philosophy, a substance is initially an abstraction
without shape and location until it becomes

partitioned into distinct objects with discrc!e
boundaries and distribution by taking on Jbrm.
Substance or matter thus becomes individualized:

wood becomes door or plank or statue or table, or

more precisely this table (door. etc.} found here.
Shape and location and finiteness give a material

some de_ee of particularity.
We note therefore that material objects can

consist of discrete items (such as a tree, a house, a
lake} or their component parts (leaves. windows.

waves}, or a mixture of entities (a forest with dif-

ferent tree species and a littered soil-covered floor:
a group of buildings in a housing development with

roads and lawns: a body of water containing sus-
,pended silt. with a sl_oreline, scattered islands}. A

set of related objects is collectively grouped into a
discrete unit called a class. A class, in this sense,

is an arbitrarily defined a_zregate of one or more

object types having common attributes, to which

_;ome cogni'ivc name or description is assigned

The Nature of "Class"

Like matter, a class may be referred to as ei-

ther gent'ral or SlwciJTt'. When considered as a con-
cept without regard to location, shape, and size, a

class is a general notion. Thus. we can image the
class ocean and visualize an expanse of sea lacking

a tangible boundary and particular locality. How-
ever, as soon as wc recall a real section of sonic sea.

such as the one along the East Coast of the United

States, we begin to specify a part of the ocean with

a geographical location I the Western Atlantic). We
place the ocean in a particular context relative to

its surroundings _othcr classes such as wetlands and

lagoons}, and to discrete boundaries (the adjacent
classes, such as a beach). Every part of the Earth's
surface may be classified Unapped} in this way.
Individual sections of the surface, whether continu-

ous or Lmore usually) separated, become specific
manilk, stations of the general class. Each section,
then, is individualized by its own bounded areas,

but all sections together are members identified by

the same class name (and a symbol or pattern on a
map). The name assigned is affected by the scale at
wtfich the class is established. At different scales.

diffcrent components tend to dominate our
awareness of certain class characteristics. At one

scale, we can readily comprehend the entity

"'Shopping Center." At another scale, that entity is
resolved into stores, walkways, parking lots,

storage and loading areas, etc. At a very fine scale.
the entities appear as assemblages of atoms in

crystal structures, but such detail obscures the

nature of "'Shopping Center.'"
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Weseethenthatclassesmayusuallybesub-
dividedinto hierarchicallevelsaccordingto tim
relativesignificanceof their components.Thus,
"'hills'"or "plains"canthemselvesbeconsidered
asterrain classes, or might better be treated as sub-
classes of the general class topography. Likewise,

the term cropland connotes a field, with some

distinct shape, comprising soil with contained
moisture, and one or more distinct vegetation

types grown as foodstuff, along wifh other essen-
tial or extraneous entities (access roads, barns.

-houses, etc.). The general class "cropland" normal-

ly consists of several components familiar to us
but may in some instances be limited to a single,

or dominant, component, such as a dry, barren
field or a continuous wheat cover. Each charac-

teristic specifies certain conditions applicable to
the class: these are described by adjectives such
as "'tilled" field. In a hierarchical classification, a

tilled field is one of a subclass of fields (others

might include nontilled or irrigated), and level or
rolling tilled fields represent even further subdivi-
sion.

4

Other Terms for

Terms related to or synonymous with class

are frequently encountered in remote sensing.

They may have similar meazfings, but thele may be
important shades of difference. Some are defined

precisely, others more loosely or vaguely. We shall
briefly touch upon the most comnton of these
terms since they appear many times in this work-
book and in the open literature on remote sensing.

Consult the _ossary in Appendix D for working
definitions of some of the following terms.

The term category is often used syno_wmous-

I.v with class. Both terms refer in the material
sense to assemblages of interrelated objects. Ideas

may also be categorized by organizing related con-

cepts dealing with aspects of knowledge. Type,
according to Webster's Dictionary, is defined as

"qualities common to a number of individuals that
distinguish them as an identifiable class" and fur-

thermore may connote a taxonomic category: it
is most commonly used to imply "strong and clear-

ly marked similarity throughout the items ....

typical of the _ottp": "'kind," "'sort." "nature."
"'character." and "'description" are acceptable

#1-3: Consider the class urbmr. Subdivide it

into a set of its essential components and arrange

these #z some hierarchy from general to specific
(an analog wouM be the orderly !axonomy of

plants and anhtulls. J_)m phyhtm through family to
species).

E_en though any class may be a collection of

different objects composed of different materials,
the assemblage comprises some coherent and inter-

related notion that one may recognize as unique to

that class, to which is assigned some descriptive
and identifying name. Thus, such mutually exclusive

classes (types) as city, comfieM, and cemeteo, are

each made up of somewhat diverse elemental
compollents (differing in composition, size, shape,

proportions, and distribution) but are nevertheless
each specified by defining characteristics (features)
and allowable variants. One such characteristic is

represented by the spectral properties of these

components or objects: when emphasis is placed on

these parameters, the class can properly be referred
to as a spectral class.

Surface Units

synonyms but with subtle differences. Ground or
land cover type is a geo_apher's term which de-

notes a class describing the "'vegetational (natural)
and artificial constructions covering the land sur-

face" fBurley. 1961 )3 in contrast to land use tjTe,
which refers to "'man's activities on land which

are directly related to the land" (.Clawson and
Stewart, 1965). 4 Group is occasionally used in the

sense of class, but a group can be just an assem-

blage of objects that need not be interrelated. Dic-
tionaries describe a theme as a subject or topic.

which fits its use in remote sensing. The word
theme has come to mean an aggregate of classes

which properly belong to tile same Ifierarclfical
rank, such as a vegetation map-combining all vege-

tation classes-as for example, crops, forests, grass-
lands. The The::mtic Mapper sensor being devel-

3Burleyo T. M.. Land U_e or Land Utili-ation?, Prof. Geographer,

Vol 3. No. 13. pp. 18-20. 1961.

4_¢'_,1_o11, ,_i.. ;l[Id C. L. Stewart, Land t, le b_formation: A £>itical

Surr O' of U.S. Stat;,stics. bwluding Porsibilities ]br Greater Uni.

]ormit.r. Johns Ilopkins Press. 402, 6. 1965.
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opedfor Landsat-Dissupposedto invoketileidea

of identifying classes and determi,ling their distri-
bution.

The term pattern alludes to the spatial and/or

temporal arrangement or configuration of "things"
as well as to tile idea of a model used to replicate

the arrangement. In rcnlote sensing, pattern de-
scribes the notion of spatial or geometrical charac-
teristics that can be measured. Texture. an attri-

bute of spatial patterns, r'lates to the frequency of
tonal change as determined by variations in size,

shape, orientation, and radmtion properties of dif-
ferent classes. Pattern Recognitiott refers to a pro-

ccss _,:st, ally automated, as on a computer but

often performed better by trained analysts) by
which measuren_ent patterns may be used to classi-

fy a scene into some number of recognizable
classes.

Another widely applied term, .feature. may
have three distinct meanings. First. in common lin-

guistic usage, lk'ature is defined as "overall appear-
ante.'" "mark." "'structure." or "part," but this

conveys little meaning of the term as applied to
remote sensing. Secondly. ifi the context of remote

sensi_rg, feature- relates to one of a set of measttr-
abh" properties (for example, reflectance, tempera-

turc or hardness) that are diagnostic of a ,:lass or
material. In this sense, reflectance, composition.

and hardness are examples of a substance endowed
with lbrm that can be used to identify an object,

localize its dL,;tribution, and assign it to a class. The

mathematical process of converting measurements
of one or more features into information about
the class is called feature extraction. A third recall-

ing is one now in technical usage but with a special

sense. Although commonplace in texts, articles.

and reports dealing with remote sensing, the term
"'surlhce feature" as such is seldom defined. In

this usage, surface feature is a composite term

that may refer to a geometrical or geomorphic en-
tity such as a hill, a stream, a rock outcrop, a lawn,

or almost anything found on a natural or man-
made surface. Such usage connotes a sense of

"parts." The term may describe a statistical class
in one inst.ance and a particui-r object or specific
landform in another. To :he degree that these ob-

jects or landforms are measurable atlributes of

a general surface, for example, a given terrain
characterized by low hills, deep valleys, and
dissected plateaus, the landforms themselves be-

come the features that may best classify the sur-
face.

All of these tenns have something else in com-

mon besides their synonymity with class: they all
describe the general nature of the information

shown on maps. A map consists of classes (cate-

gories, types, features) defined in the legend that
depict at some useful scale what is found on a sur-

face (the Earth or other planet's exterior [solid/
liquid 1 boundary, oreven an underground reference

I,la,le as in a tunnel). Maps themselves consist of

patterns coincident with arbitrarily defined classes.

Elements of location, shape, and other at" butes

of classes in the specific sense, are implicit m the
concept of "'map." When remote sensing data are
"mapped,'" a classification of surface l'eatures, stated

in familiar categorical terms, is the desired end
product.

ELECTROMAGNETIC RADIATION

Returning to our task of analyzing the defini-

tion of remote sensing, we can now appreciate that
remote sensing is broadly concerned with all matter

_arra|_gcd in classes) present on the entire surface
of a planetary body (stellar bodies arc exchtded.

even thotlgh similar methods may be applied to

most astronomical objects) and in its gaseous en-
velope or atmosphere if extant. For convenience.

the term remote sensing as considered in this work-

bo_k will bc associated pci,l,a_iiS: wiih the Ealtit'_

land amt sea surface and any outer layers (e:g..

clear water) from which radiation can be sensed.

in this context, the atmosphere is excluded from

consideration and is treated as noise or interference;

however, meteorologists consider the air and its

associated constituents as their "'object of interest"
and thus apply various remote sensing instruments
a,ld techniques to measure radiation effects on the

gaseous and particulate materials.

_i-4: Suggest four parameters of the atmo-
sphere amenable to remote sensing obsen'ations.
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Remotesensinginvolvesmeasuring(sampling)
radiationwithin theelectromagneticIEM) spec-
trum;thespectrumisadesignationorchartof the
distributionof radiantenergyasa functionof
wavelength(or frequency).A diagramillustrating
the EMspectrumscalein unitspf either wave-

length (A) or frequency (,B) is shown at the top of
Figure 1-1. The spectrum has been divided into a
number of intervals or regions, each defined to in-

clude •all radiation assigned some characteristic

nalne.

Electroma2_'aetic radiat'ion (EMR) is dynamic

radiant energy made evident by its interaction with
matter and is the consequence of changes in force

fields. Thus, this question of what EMR is cannot

be separated from the question of what matter
itself is. Specifically. EMR may be thcu_lt of as

energy eonsisti._g of linked electric and magnetic
fields and transmitted in packets, or quanta, in
some fern1 of wave motion. The term p ltototl,

proposed by Einstein in 1905 for light quanta, s is

now widely used for other short wavelength EMR

in general. Quanta. or photons, may be considered
crudely as particles of pure energy having.,zero
m:|ss at rest. The demonstration by Planck in 1901,

and more specifically by Einstein in 1905. that
electromagnetic waves consist of individual p:lckels

of energy was hi ¢SgCllCe a rd_.ival of Newton's then
discarded corpuscular theory of li_lt. But is radi-

ation in fact merely a stream of particles, as Ncwton
,q_.i_2esled, or is it wave motion? The answer is that

light, and all tlbcr fonus of EMR. behaves both as
waves and pa."it.-les. This is the l'anlous "'wave-par-

ticle duality" enunciated by de Broglie, tteisenberg,
Born. Schroedinger, and others in the 1920"s.

Atomic particles, such :is electrons, can display
wave behavior, such as diffraction, under certain

conditions, and can be treated mathematically as

waves. Another aspect of the fundamental inter-

relation between waves and particles, discovered by
Ei.astcin in 1905-1907, is that energy is convertible

to mass and that, conversely, mass is equivalent to

energy as expressed by the famous equation E =
me-. in which m is the mass in grams, c is the

speed of EM R radiation in a vactltllll, ill centimeters
per second (3 X I0 _o cul/s), and l:', tile energy ill

crgs.

5t.'isible light refers to I:M radiation within ;I nal'rt_w x_;tvelength

(ll[el_,'ill [hilt t'iltlg,'.'l ;I 9..'ll$t_tl l'c;lt'(IOII tl[ i't.,_iponK" in tile human eye

atthin its (unctional rJnge of c'a'. 0.33 Io 0.75 _m.

Once again, EMR represents energy transfer

by means of wave motion. The waves oscillate in
harmonic patterns, of which one common form is

the sinusoidal (Ls"h.,J) wave, Waves of this type are
also known as transverse waves because particles

within a physical medium are set into vibrational

motion normal (at right angles) to the direction of
propagation. However. EMR can also move through

empty space (a vacuum) lacking particulates in the

carrier medium so that the photons are the only
physical entities. Each photon is surrounded by an
electric field and magnetic field represented by

vectors E and H oriented at right angles to each
other as well as to the directiol; of propagation.

The behavior of the E and H fields with respect to
time is expressed by Maxwell's equations that

include tile terms #o (pern_eability of the electric
field in a vacunm: ti applies to nonconductive

medial and e0 {pennittivity of the magnetic field).
The fields oscillate systematicall.v as described by

cova_'ing sine waves having the same wavelength
(distance between two crests on a waveform) and

freqttency u ttnundx,,r of oscillations per unit time).
The vibrational directions of the electric and

magnetic force fields may be in any orientation
within 3(_0° and may shift to other orientations

thlring wave propagation. When the electric field

dircction is made to line up :rod remain in on_

direction, the radiation is said to be pl_ale polar-
izcd. 6 The wave amplitudes of the two fields are
also coincident in time and are a measure of

r;idiation intensity (bri_ltness).
Units for k art" spccil]cd ill the metric system

and are dependent on the particular region of the
EM spectrum being considered. Familiar wave-

length units include the nanometer, micrometer

(micron now obsolete), and the Angstrom.

#1-5: Gi_'en that 1 nanonleter (rim) = 10 "°

m: 1 micrometer (#111) = I0 "6 m." and 1 Angstrom
(_) = lO-I om. how maiD" nanotnet('rs fit a tnicrotn-

c'tdr? Ih)w ttlcIIIl' ,.Ittg$1rom uttits it1 a mJcromeler?

Note that freqtit'llt'ies art" exl_rc'sst'd in o'¢les per
secoml: I o'cle/s is termed a ht'rt-_, kilohert:,

°Remote sensing d_.wit_s generally do not distinguish between

unpola_ized and polarized ratiiatio-,, a_though depolarizing tilters

may be a pail tff some instrument_, The ext'tption is radar, in

which polarizatie, n i_lav$ an important role. ,Mthou_t radiation can

be polarized during rellt_tion. [h'_t rllodi/'it'ilticln does not' influ-

enct, ihe measurements normalh." ,:lade for practical ;/pplications.
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megahertz, and gigahertz are respectively l O3, 106,

and 109 c)'cles/s.

A fixed quantum of energy E (in units of ergs,

joules, or electron volts)is characteristic of any
Nmton transmitted at some discrete frequency, ac-

cording to Planck's quantum hypothesis, stated as:
E = vh = hc/_, where h is the Planck constant (h =

662 X 10"3"1 joule see), v is frequency, and c is
radiation (light) speed. (The equation relating radi-
ation speed. 7 wavelength, and frequency is c = Xv;

note that v varies inversely with _,.) From the

Planck equation it is evident that waves represent-
ing different (photon) energies will oscillate at

different frequencies. It lbllows, too, that the
shorter the wavelength, the _eater the ener_ of

the photons.
How is EMR produced? Essentially, EMR

may be generated when an electric charge is accel-

erated or. more generally, whenever the size and/or
direction of the electric (E) or magnetic (H) field

is varied with time at its source. A radio wave, for

example, is produced by a rapidly oscillating elec-
tric current in a conductor (the antenna). At the

high frequency (highest ene,:v) end of the EM

spectrum. _mma rays result from decay within the

atomic nucleus. X-rays emanate from atoms in
which electrons experience transitions from an
outer orbit to one further in. Radiation of succes-

sively lower energy involves other atomic motions,
as follows: UV, Visible-outer shell electron shifts;

Infrared-inter- or intra-molecular vibrations and
rotations: Microwave-molecular rotations and

field fluctuations; Radio, and AC current-fluctua-

tions in the etectric and magnetic fields of the
waveform.

Interactions Between Matter and Radiation

Just as there is a dualistic nature to EMR, as

expressed by the '+wave-particle" aspects of radia-
tion. so also can the mechanisms of interactions

between matter and radiant energy be described
from two seemingly different, but actually inter-

related, approaches. One lbllows the framework

provided by optical physics; this perspective
depends on the macroscopic view of the ways in

which radiation impinges upon and is affected by

matter. This view of matter-cner_ interactions,
governed by the laws of optics familiar to most
readers from introductory physics courses, will
dominate the concepts examined in the remain-

lag sections of this activity and elsewhere in the
workbook.

But, a more f'+:ndamental, exact+ and intrinsic

approach treats the interactions as a microscopic,
or more properly, atomic or molecular phenome-

non. Some of the principles underlying this ap-

proach were already considered in the preceding
section. However. only a broad sketch of the quan-

tum mechanical nature of photons, the structure
of radiant waves, and the generation of EMR was

constructed and a further in-depth consideration

7%:locit_ in a v..:'uum is just the s:,t+ed ui" lib,t; that _t:iu+.+ity is

slowed in a material medium by an amount indicated by the index

of refraction of the material.

is beyond the scope of this workbook. On the

other hand. an insight into the essentials of the

microscopic, or atomic-molecular, approach should

prove invaluable to anyone wishing to deJve deeply
into the real nature of matter-energy interactions.
A detailed analytical examination of this second,

sometimes complex approach+ requires a firm and

somewhat specialized ,.ackground within physics
not possessed by many readers. The inquisitive
reader is urged to consult an appropriate text on

the subject. A superlative review of pertinent con-
cepts underlying the interactions is given by G.R.
Hunt in Chapter 2 of the recently published

Remote Sensing in Geology (Siegal and Gillespie.
editors) (see reference in Appendix G). From that

source a simplified synopsis is presented in the

next nine para_aphs, primarily to provide a bff,ef
look at the types of concepts and terms needed to

master this avenue to understanding the phenome-
nology of radiation from the atomic view.

The basis for predicting how atoms will re-

spond to EMR is found in the Schroedinger wave
equation which derives a specific wave function

for an atom or atomic system of mass m. This

equation (not stated here because of its complex-

ity) is the quar.tum mechanical znalog to the New-
tonian force equation (F = ma) in classical mechan-

ics. A k¢y term in the Schroedinger equation is E,
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a characteristicenergyvalue (also known as
eigenvalue). For any atomic species, there are a

nunlber of possible energy states (eigenstates) or

levels within that system; for diffe_ent species, the
characteristic states are different and possess
unique values di;ignostic of the p:_rticular element.
There are, therefore, certain allowable levels for

each atomic species: their discrete eigenvalucs

satisfy the Schroedinger equation to permit ac-
ceptable solutions for .Jetermination of tile wave
function.

Under tile influence of external EM radiation,

the atom may under-o_ a transition l'ronl one sta-
tionary state or e_ergy level to azlolher. This

occurs whenever the oscillating EMR I]eld (nor-

really, but not necessarily, the electric field'} dis-
turbs the potential energy of the system by just the

right amount to prodt,ce an allowable transition to
a new eigenstate. Tile change in cigenvalue is

given by E, - E I = hr. the expression for Planck's
law. This transition to the new energy state

brought about by interaction with EMR is thus
evidenced by a consequent output of radiation

that oscillates sint|soidally at a freque:lcy v deter-

mined by tile exact chazlge in energy (..XE) asso

elated with the permissible transition.
The above description is simplifietl to apply

to atoms of a siJl,_.lc sl;sciss tslsmsnt) in SOllle
characteristic atoluic strt,cture. The situation be-

colnes ;ntich nlore conlplex when polyatomic

structures are considered and only approxinlate

solutions to tile Schroedinger etluation are obtained.
Other factors also enter ill: the nature of the
bonding, the coordinatiotl of tile atoms in molecules

or ionic conlpounds, the distribution of valency
electrons in certain orbitals or conthlction bands,

to tllentiotl a l_'w. Without fttrther pttrsuing these

important considerations, we shall concentrate on
still another aspect. The transition can be related

to three types of e+'ergy-electronic, vibrational.
and rotational-the Stlm of which equals tile total

energy of the systeln.

Electronic e_lergy transitions involve shifts
of electrons |'rOlll OIlS tlttanttmi level to another

Ire different quantized orbits) according to precise

rules. Ally allowable transfer is detenllined from

four quantities called the quantunl nlmlbers for
that atomic systeln. These :ire (I) the princil_al

qt]antum txtmlber n. (2) tile angular inomenttnu

qtlanttlnl Iltllnbt'r I_. (.'_) Ills nlagnctic tllianttlln

number Ill. and (4) (for polyelectronic atoms),

the spin quantuni number ms. EJectronic transi-
tions occt, r within atoms in all familiar states of

matter tsolid, liquid, gas}. The wavelengths

t,reciprocals of frequency) at which these

transitions proceed will depend on the particular
behavior of the constituent dements in a material

experiencing excitement by EMR. For example.
elements such as iron (also Ni. Co. Cr. V and

others) can undergo many transitions, each con-
trolled by valence state (degree of oxidation),

location in the crys:al structure, symmetry of
atomic groups cfnltaining the iron. and _o forth.

For conlpotlnds dominated by ionic bonding, the
calculations of permissible transitions are int'lu-

enced by crystal field theory. Organic compounds.
which usually are held by covalent bonds, must

be studied with a different approach. Electronic
transitions are especially ubiquitous in the ultra-

violet and visible li#lt and near infrared parts of
tile spectrum which correspond to those regions

where higher excitation energies (and larger
frequency values) are needed to effect the changes
in energy levels.

Vibrational energy is associated with relative

displacements between eqttilibrium center posi-
tions within diatomie and polyatomic molecules.

These translatiol_al motions .':::2_ be linear and tlni-
directional or more complex (as analyzed in a

3-axis coordinate system). Specific transitions are
produced by distortions of bonds I_.'tween atoms,

as described by such terms as stretching and bend-

ing modes. There is one fundamental energy level
fur a given vibrational transition, and a series of
s,.'condary vibrations or overtones at different.

mathematically related frequencies, as well as com-
bination tones (composed of two or more super-

imposed ftlndamental or overtone frequencies).

A tonal group of related frequencies comprises a
band. Again, vibrational energy changes are char-
acteristic of all states of matter; because these

changes .t;.,ire less energy to initiate, the resulting
AE's tea.t, to occur at lower frequencies located

at Iongsr wavelengths in the infrared and beyond.
Rotations of nlolecules also are accompanied by

specific transitions. These take place only in
molecules in the ga_,ous state and can be described
in tenus of three axes of rotation about a molecular

center ant! tile nlonlents of inerlia determined by

the Inovin- ,Itomic masses. This type t_f shift is
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relevant to the action of EMR on atmospheric gases

involved a._ the interspersed medium between sensor
and surface. Being a lower order energy transition,

the energy levels are characterized by somewhat

longer wavzlengths. During excitation of gas mole-
cules, both vibrational and rotational energy

changes occur simultaneously.

The net energy detected as evidence of a
series of electronic, vibrational, and rotational

transitions over a range of wavelengths is, in an-

other sense,a function of the manner in which energy

is partitioned between the EMR source and sub-
sequent interactions with atoms in a material. The

radiation may be transmitted through the material,
or absorbed within it, or reflected from atoms near

the surface, or scattered by molecules or particu-
lates composed of groups of atoms, or reradiated

through emission, or, as is common, by some combi-
nation of all these processes. A plot of wavelength-

d,:pendent energy intensities comprising a spec-
trum can be treated in terms of the particular

process being considered. Thus, there are three
prevalent tylSesofspectra associated with a material/

object-absorption (or its inverse, transmission),

reflection, and emission spectra-depending on the
nature and location of the radiation source, the

domina,t interaction being measured, and the mode

of detector response. For absorption spectra, the
object lies between source and detector; for reflec-

tion spectra, the source and detector are positioned
on the outside of the reflecting surface at an angle
between thereof less than 180°; for emission spectra.

the immediate source is located within the material/

object although an external activating source may
initiate or change the emission.

Spectra can be obtained from pure sub-
stances (single phases), as from a metal, a silicate

mineral, or an organic compound, or from multi-

phase systems (mixtures). as from so;l. or a mud

slurry, or such macroscopic classes as were dis-
cussed in preceding sections. Examples of reflec-
tance spectra are given in Figures 1-4.3-5. and 6-18
of this workbook. The field of spectroscopy is

concerned with analysis of spectra to determine
the nature (identity) of the materials and their

internal structures, the characteristics of trans-
itions and oth_., atomic (microscopic) phenomena.

the interaction processes, and the quantities of

substances present. The appearance of a spectrum

representing a sinOe or m,lticomponent object or

class is a combination of microscopic and macro-

scopic interactions, modified by "environmental"
factors including density (atomic packing), thermal

gradients, surface state, and geometry of the

source-object-detector arrangement. For a discon-

tinuous spectrum, as recorded in a spectrogram
made by dispersing composite radiation with a

prism or diffraction grating into discrete wave-
lengths, individual spectral lines 8 correlate with

shifts in energy levels within individual atomic

species; each precise wavelength indicates an energy
state transition associated with some element

species. The detection of that species is disclosed
in a spectrogram by presence of one or more (often

many) characteristic spectral lines whose densities
in a photo plate provide a measure of concentration

(amount) Emission spectra result from thermally-
or electrically-excited (often ionized) atoms and

molecules, whereas absorption spectra occur when
radiation from these atomic species passes throu#l

gases of the same composition. •_.

Cgntinuoqs spectra are_proiivc_t by excita-
tion of atonfs and molectfles in solids, liquids, or
gases into a broad range of energy states. A _on-

tinuous spectrum consists of a curve connecting

values of relative intensities of reflected, absorbed,

or emitted radiation over the wavelengths asso-
ciated with the interactive processes. This curve or
line contains relatively straight segments that vary

in slope from wavelength to wavelength, on which
are superimposed various diagnostic features

(defined in the second sense discussed on page 29).

These features may be numerous local "Xviggles"
(small upturns and :swnturns of the line) or larger
"spikes" consisting of "'peaks" and "troughs'"

(prominent deflections and reversals of slope
directicn associated with sudden increases or

decreases in intensity). The peaks and troughs
represent absorption/emission/reflection maxima

and minima centered at some wavelen_h or wave-
lengt h interval (band). These maxima and minima

correspond to frequencies at which some charac-

teristic interaction such as a transition or eigenstatc
change occurs witl:in atomic/molecular constit-

uents. This usuaUy happens at a resonance frequency

for the EMR-atomic interaction: a special case is

8The li,xs, :,.. recerded on a photographic plat-", are multiple in,_t._

of a linear aperture;each line represents some refracted or diffracted
set of "'ayes having a specific wavelength.
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describedby tileChristiansenfrequencyin which
oneor moremaximaforemissionor transmission
processes(or a mirimumfor absorption)result
fromscatteringof radiationatthosefrequenciesin
whichthe refractiveindexof the materialcoin-
cideswithitsenclosingmedium.

Dependingon the depth of interaction
betweenEMRandthematerial,andthetypeof
interactiveprocess,a spectralfeaturemayappear
asa sharpto broad,strongto v, eak maximunl

(peak) or minimum (trough). Thus. a smooth sur-
face may produce an absorption or emission mini-
munl feature at some wavelength, whereas a maxi-

mum at this wavelength develops for reflection

from this surface. Objects or surfaces made tip of
tl_.in to thick layers of particulate materials wil!

produce still different pattern'- of maxima and

minima, e.g.. a thin layer gives rise to an emission

max.:mum wkile a thick layer brings about an

emission mininmm at ,,_e same resona,_t frequency.
Particle size also exerts an influence: for strongly

aLsorbing materiMs, reflections decrease with

diminishing particle dimensions. Some materials

give svectra marked by abrupt cmu,ges in slope, or
absorption edges, over a narrow wavelength

interval. Ma:W of the features in a spectral curve
can be tied to interactions with specific element or

molecular species. Cl:ief among these in many

ino_anic solids are electronic and bel_di,lg or
stretching vib-ational transition._ relatable to

ferrous or ferric iron, oxides, CO z . OH-. and mo-
lecular or surface-absorbed water, or more generally
to color center effects.

The Meaning of Color

The propert{-s of visible color depend in part

on the electronic processes t!lat _'elate to trans-
mission and absorption of radiation (ligiaO within

materials. 'Z-or an in-depth review of these processes.
the reader is referred to "The Causes of Color'" by

K. Nassau. in Scientific American, V 243, #4. pp.
124-154, October. 1980. The particular colors per-

ceived at or above the Earth's surface by the eye

[throu_l a psychophysical process controlled by
the brain's recognition mechanism), or by a sensor

capable of detecting in the visible spectral range,
are essentially the consequence of certain domi-
nant (more intense) reflected radiation in one (e.g..

green) or more (e.g.. purple-a blend of red and
blue) narrow wavelength intervals. Other colors
within :he visible range have 0een absorbed and/or
transmitted and are therefore diminished or absent

i,: the reflected component. Colors can also be pro-

duced by emission as in a neon light, during dis-
crete electronic transitions. Radiation reflected or

emitted at shorter or longer wavelengths beyond
the visible will also show variations in intensities at

different wavelengths. This "'unseeable" radiation
is measurable by sensors commonly containing

several detectors that respond over different spec-

tral ranges. Vamous :ec!,._.;ques e::is_ b? whic_ tbe
invisible rad.lation can be expressed in coler pat-

terns by systematically assigning certain colors to

image patterns brought about by radiation outside

the visible wavelength re,on (see, for example, the

protaucti3n of a false color composite described
on page 94).

Insofar as the eye is concerned, color can be
described ri_rorously in several ways qsee also the

discussion on pages 92 to 97). The tricb.romaticity
theory states that the three prima .ry colors (red,

green, .".:',d b!ue} can be combined to produce
themselves and a!l ,_ther colors by varying the
intensity of light representing one or more of the

primaries. The physiological effects of color in
terms of purity, shades, and brigt_tnes-_ can be

induced by variations of the three parameters

specified in the tristimulus theory of color.
namely, hue. satt'ration, and intensity. Hue refers

to the dominant or average wavelength of light

contributing to the color: a color may be pure
(red, yellow, green, blue) or mixed (purple,

magent'J'_. Saturation specifies the spread of wave-
lengt!,s over the spectral regions contributing to

the color; this i_ indicated by the ;,.mount of hue

in a color _thus. crimson is strongly red but pink
expresses a low satur]tion) Pastel colors repre-

sent unsattt_ted hues. Intensity is determined by

the total quantity of reflected energy, independcn;
of .v.'_veh'n,,zfll; the degree of "brightness" relates

to intensity, in the Munsell system of color de-

scription, the saturation is replaced by the tenu
"'cnroma" and inte,lsity is replaced by "_,alue.'"
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ORIGIN.:,'--, ."-_"

OF pOOR QUALITY

:1 IIIL':ISIII'L' of lightnc_'_ or d;IrkllcS._ :1_ _]-'!-'.":t;_:wd

by :lsc:ll¢r:mging from while through grays Io

black.Pink iu lhissyst,:mi_,lbhfish-rcdhuc wilh

low chroma and hi,.,.h (lighl) value. In still :molher

._yslL'III, ;i color triangle dtil_riml is produced in

which _olors (bolh prinlar_ :lnd seL'ondary) o_'u'upy

one :ingle, black a second :ingle, and v,hite a third.

(;rays:m.'produced by mixes of hl,wk :rodwhite;

sh,id_'x res||[i i'|,,,,,v.,,_in_ ziw mix I_¢iWeVII bla_.'k

lind il Color: tit/IS devL'lOl, by mixes of color ;llltj

whil,.,: and tom's occur when color is blCmh.'d with

dil'lk'renl grays, l'hus, z-ed mixed with while .welds

a Pink linl; n.'d cornbinvd with black form.,:, a

manmn shade: and red ioincd wilh gray r¢.,,i|ll[.,.i

ill ;I I'o._k" 1o11¢. ()lh,'r ii.,,IW¢l;, ol £tljtlf si:¢cifi¢;I-

Iion/IreconsideredinAclivily 3.

Radiation 'rerms : .nd U nits

!'he P;flhs follo_cd by FM waves arc dircc-

lional ;llld 111;ly I1¢ r,,'prcscnlcd by r;Ds. I'h_" r:lys

Pro¢¢t'd ;lloilg .slrai_hl lines tml¢.',s rt'lt'ilClCd (dire¢-

lion ch;lllg_'._ 011 I'KIs_iillg frolll ollk' IllCdilllli ill|O

;lllolhcr) or diffril¢lt'd (diret'liotl ¢ll;lll!:_.'s ;IS Wil_,t'S

L'IICOLIIII_'r oP;Itlllq t'dgcs, small lIPs.': illl'_.'_, or II;ll[oW

hu¢:O. "l'hcs¢ rays may bc visu:dizCd as Ilow lines

lh;ll COIIM i1111¢ ;1 r_ldidti,;l! .fhl _'. The 13ux is defined

;Is lh¢ rillk";11which rildiillllCllt,l'g),p:isncs ,lrL'l_'r-

cm.'e po.,iilion. A llux is ¢onnkh.'n:d Io be composed

of l_holons rt,h.,asL,d in shorl bllrsls of qu;inli,tvd

em.'rgy from lhe source imd dispersed ,,vilhin lhL'

wave Irain; flux char;l¢lcnzcd by _isibk" li!thl

I'rcquCn¢iCs in called a luminous Ilux.

Rildi;lli.l _'ficrgy (O) is ;| tn¢ilsur¢ ol" the c;I-

pacily of r:ldialion Io do work (I) a.s chimgcs in

molion of i'Mrlich.'s a¢lo, I Ul'_.,'ql by foro,' ficb.ls,

{_l lhrotl_h ht';llin.,4,or 131 l,v ;l ,'h;mm." of',l;lh'.

l'!|c r;idi;inlflux is just the r;Hc of change of radi-

ant energy with tmw. d()/dl. Radi:mt p,_,.cr ,I,

(ill w;lll.,i,_II.')is ;I l'i|.,';iSlll_."oI" the r:Hc of doing

work ;Ind in t'ffccl _.ssynonymou.,i with the dcl'mi-

lion of r:idiilntlhn\.

l'he Ilux frolll ;i poillt source :il'_r,'ildS Otll

dir¢clionally. ('onnidCr ,| sPhCn." (or hemisphere)

_.11' Ink'l'k'l'L'llCC Nllrl"Olllldillt', the S()IlI'O,'..'_I'CiIS O11 ;I

st, here _)I" any r;idius IR ) nl;iy be sp¢clficd i",1tvrms

of corneal solid n.,.'Ics mc;zsun.'d in ,4cr.'zdi;ms

(cone ;H,gh.' = A I,_: ; there arc 4_ slcradians Isrl

in a sphere). I,_adiiml intensity (I) is d¢i'int'd ;is

1h¢ I';h.li;ll|l I1|1\ I_'r mill ',olid ,mgk' (W ,,rl ¢llhllLll-

I1|_ i1| %01|1C dilt'_.'llOll I1011l 4 [_llll _,OIII,...'C. II1 Ibis

_.'otllcx|. illl¢ItF.llyin ;lssoctillt'tl_.vHh 111¢ 110w of

cnt'rlzy lhroll!-h :I rt'ft'rt'_lo.'ilrL'ilr_'lilh.'dIo ;I ,,olid

Jn!tl_'. rh¢ l'_il..,iSil_t• lhrou!th ,iom_, Sl_ccifiv,l pldllilr

•qlll.if_."ill'_.,ilinlcrccplmg lh_." solid ;m.,.'h: al it

di..,ililllCt"l,_ lrolll lht" ',,om¢t' !.'h't':_Ill4'to .l Hdiillll

I]UX d_'n.',ily,rh,H flu\ dcnsily is m lurn l_tOl_or-

lion,d to the .'_luiu¢s of the anWliludvs of the

Cotlll'_otlt'tll WilVt'.n.. Ill IIli.,i Wily. ;1 t'¢lalion I'_¢lWo,'ll

r:|di;u)l illlcllsil.v and w:l,.'t' a|lll_lilutl¢ is csl:zb-

lished.

Irr;Idiam'e I.I-) rcft'rs Io Ih¢ in¢idCzd .":zdianl

Illlx I'ltlll! OIIt' or II, '.'t" t'_.lClll;ll sollrCC% zllllo ;I

I'd;lllc .'i|ll'l';IC¢. ,'qolilr irrildiillion illChld¢.,i I'_olh lb..

direct Illzxcn from Ihv .Sun and secondary _adia-

lioll t'1"o11! Cxciled ;ll:!lo:.ilq|¢l'iC Con.,.i|illl¢lll_. rll¢

gencr:d ICrm for Ihc flux I¢:Wing ;I Iq:mt • surfih.'t' is

¢xil:m¢c (MI. This is usually a ¢omposil¢ of t:e-

IiCt'lt'd t'xU,'l'll;ll r.'ldi:|liol) ;lltd inlt'rllal rildi:lliol_

.,.IHu'h ;I.,i from inh.'rior ht';|l ;llld r,.'l;.Idiill_.'d ;lb.,iol'l'_cd

irradian¢¢. I:tuill:m,'¢ is used inlCrchimgc:ll_ly with

lilt' ._Otllt'Wlhlllllorc _.k'nt't;I] I_.'rlll ¢_.iiiln¢¢. l{olll [:

;ll|dM aft' given in llllil.'iof _V:IIISpt'rhqtliln.'lll_.'l,.'r

(W m: ).

ILMi,nk'c [[ ) r, ,_ '.']cqucntl.,, u._¢d I;IdlOl|h'lll_;

quilntity, d_,'l'incd ;is the r:ldiiml Ilux per unii solid

;ll1,1tlc _ t'Olllill'.t l'l't_tl! ;11| t'Vl,,:,/{',t Stlll;it'C. I'hc

tltli|s ;llC Willis p_'r nqtlillt' illt'lt'r._ pt'r slt'rildiiln

(_W III 2 Sl" i ). I'ht" no|In:t" ;irt';I is ;I I_rojct'It'd (lilt'.

Ih;ll in, for ;111}' vit'witl.z., i_oslllOll is II1¢ ;ll_pdl'¢ltl

;irt':l ;is c:llt'tll;llt'd by ..k co._ O. wht'le .._. is tht'

I't'l't'lt.'llft' ;ll't':| ;llld 0 is Ih¢ pcrspt't-liv¢ ;lllglc

IwIwct'l| Iht" IlOll|l;ll Io Ihq .llC;i SIIll';lt't' ;llld ,111}

vWwiI|.'2 posilio_. In a ',kclch. lhis is:

Wht'n ilot spc¢ifiu.I ftlrlhcr, the r;IdilitK'¢ _lt,z_ t't_-

.,,;isI of t'ilht't" i_.'['[t'_l;|llC_.' or cx.il;lllC¢ O._lltlil_tl-

|iOll_, oF, frolll iiio._1 iI;lltll;.ll siIll';ict.,%, ;I o._lllbill;i-

lion of bolh. I'lw _:olid an,de _, d¢lcrn|incs Ih¢

_l|ll',lCk' of ;It'Ct'l_[illlt't', IIdlIICI.V. the ill'L':l thl'oLigh

;t)



'.','11i¢!1 the," t_tln, p;l.%'_L's; Ill a sczl,_r, the ,Jrca .,,_.'_.'z,ix

dcpcudcul on Ih¢ oplics and d¢l¢_.'lor geometry of

lhe sySleln.

The. r.:di_m,elri,: q..,.litk's O. I. IC.Xl. a.d L

apply t_+ the cnlire I:M sl+¢_'InlUl, th,II is, th_,'y are

Ilk' hllegr:lled Iotal _1" Photml I]uxe,_ at :111 wave-

I¢11glhs involvod hI II1¢ radi.'lliolL III Pr,l_,'liC¢, IIIo

varialioll of lhe radianl l]ux (-'111d fIle d¢l"iv:lli_c

,':1diOlnVI1%" qu:u1' il ics) dVpeltds m:lhily ,.)!1 111¢ n,z-

lure :Uld prt+l+e1-1ies ,+l'I+olh Ille l+riulary source :Uld

the hHcrL'epl mg surI';1o.' inaI_.'ri;ll, l'hus, :I ¢Olnpt+sile

W,lW will _.'_11sis! of 11t1111_.,ro1.1_sinusoid,11 cotnpo-

Ilelll _v:ivcs, cm.'h assockll,'d wil]l ils Chalr:l_.'lerislic

wavel¢11glh (or fr_'qt,CllCyl, unplilud¢. and phase.

I:ach discrele W;.IVCfOI'III iS [11¢11 t1110 speclr:ll Co111-

pOIl¢lll Of the colllposjll." Ill" cl'lllpll,'x Iv:IVc. I'h¢

W:l%'t'forlll of Ille colnplCx wa_e js :,,tlvu'rllcd by IIle

I_l"jllciPle of nuPCrposiliou of wave I_lolioll, whjdl

SI,IICS Ihdl tll¢ FqSllII;Illl alllplJllld¢ of Illq _.'t)llli'b[¢\

',V;IV¢ iS lilt' SlIM ot" the alnplitildCS of th," COtllpO-

l1121ll '_%,1%¢S. Ally _.'tllllpl_.'X. %%';IV_." II1,1.%" b_" att_:liy/¢d

by Igmricr au:lly.sis. I'his analysis hl',ol_.c.,, the

dl'f}llilit_ll I_l" .I St'tiCS o1' shnpl¢ ]l;Irllli'HIic I'_l" Sill*l._-

,udal _t;l_.¢s dill'erill l'. hi t'rQlU¢llCy, :ltnplill!d¢ and

SPEt_TR-AI,

pha,'_', w111¢11, wll¢ll coulbincd ill a pmi_,,'r ._¢-

qucn_._', I'¢pl'lldtlC¢ Ih¢ iuiliatl ¢ouIPlCx wav_.. II'lw_

waves _1" different wav¢lelll_ths ¢onlbin¢ to dCvd_P

:I rel:ular aud sysleUlali¢ rel;lliOnship b¢lwecn IIl¢ir

:iinpliludcs, Ihe r_'sullanl nldialion {¢.l., radio

w:ivcsi is .,_iid Ill I_e _lliert, ill. Ilowcw?r. i1" Ihe

;linpliludcs arc ilreltikir or randonlly _'[:ilcd. lh¢

i':i_lialiou (¢.g., polychroillali¢ lilhl) i,_ ill¢ohcf¢ill.

Wli¢il ihe radiaill I'hix is spedl]¢d for ;i dis-

ere'It" w:ivdcnglh t)r, iiiori., c'onlnlolll_, ;i _'Olllinutlu,_

inlcr','al or band of w:lvelenllhs hi the l'.'lll sp_,_'-

I rtlill, ih¢ r:ldionlell'i¢ qU:illlily for lhal wav¢leuglh

o1" band bt'coint's a sp¢¢lral r'-idioili01ri¢ qU:llllily.

,l,, i'_r 0x;inlpll'. Ihe sp¢¢li'iil radiance ill lh¢ O.l_ 1o

0.7 ltllii balld. A speclral r:idionl¢Iri¢ llUaillily is

indil'alcd by :i subscripl _, as I'x or Ix. The value

of X lil;ly hi., giw, u :is :i siu_l¢ wavdeu_lh or may

dcuolc a baild inlcrval IX, -'_i ) lllmulh which,

Valialioils ill Ih¢ Iliix arc, illl¢l_ralcd. A pli)l of

V:liialions (11"radiallCes wilh wavt'lcnglh lhri_ulhoul

Ihc sp¢clriilll d¢l]llCS Ih¢ di._Iribiili_}ll _ll" ,_lt't'llo-

i'adiall_'cs l\ll' Ihe SOllr_&' lll:ilcrial, or ;in cx_'ilcd

Slirfat¢ lit l-'llgt'l, yichling Slllll¢ i)11¢ ill" ._li¢l-lra]

l l.'spOIIsc clII'VC {st'l" p. i) I I.

hi r¢lllolc" ncnsing, Ih¢ S¢llSCd (dcl¢clcd ,iikl

lllC,l,_tllcdi i,idi,ilion u,_ti,lil) t':%lt'lldS oll'r ii;llltll%

,_i" broad I'CgiOllS Ibailds) of Ihc speclrilill. I}epcnd-

illg oil l_lt • dclcclor used. Ihc qiialllil) lllCaSillCd

111;I}" I'%" ='tll'r.l_i'. /ll)ll'l'# ", i.II" 7n1¢'11,%11|' ill ._l'¢'l'_;/)'l'_/

I_',/l'_'lc#lW/Is _1 frcql_C#lcdC._. ,'gcvi'r;il o1" Iht' lC_iolln

,ire ,ib, o llll'lhcr subdivided illlO illOTt" _pccific

so,.: iiClilS (l:igUlC I-IA). i'hlls, Ilk" ulllaviolcl

([l_l'l rcgiOli is oflcii brok¢il iillo ilCair IsliollCr

_,_.,i;cll'llglhs) :ilid f, lr tlollltt'r _V;l_,i'li'ilglllsl tiV, Ih¢

visiblc Ili elll-pri_ducing) i'_'l:iOll inlo dislincli_¢

colors ralilgiil_ flt_nl bhic tnllorlcr w,i_¢lcnglhl.

,_'rt't'll _cllo_ oranl_t'. Io red thln.L'cr Walvclcnglhl.

,ilid Ihc illlrarcd inio rcl]c¢1i_¢ ',]. 10.7 Io .l.t)luinl.

,ilid c_liissp,¢ or Ih<rln:ll IR {.I.0 Io ,IOll.t) itllill

IOl, lo_t'lht'r, illOrt' or It's,-; s.%lli_ll%lllOU,% wilh lit'ill"

,ind far IRI. Pal'ls of Ih¢ IR arc ,ilso kllO_Vll :is Ihl"

iqiolO,:lailqlic IR Ill." Ill I). _1 /lln/. linlilcd Io Ih¢

icspl_ll_C i;lllgq 01" fihn C\l,OScd [0 r;idi,llion itlsl

bc)Oild Ihc _i,_ibic rl'il; Iht' sill:it ]R It)" ll_

4.0 _lllll, ,I rt'_ioll ill _llich iadialioll froin Ihc' ,_iln

i'; relle,'led: NIR, for ,le;Ir il_fr:lrcd. :is .lPl,lied f,_
Ihc wav¢l¢llglh inlci_.':il b¢lwl'¢li {.).7 ;iilil i..l kllll

le.4sculially cquiv:licnl Io bands (_ aild 7 till lhe

I.a'idsiil _ISS); S_VIR, I\_r sliorlw:iv¢ iulrared,

referring Io Ih¢ iillciwal 1.5 1o 2.5 pni; Ih¢ nlid

IR _.l.O ll_ 5.0 lilll_, dll inlcr_,il ill ih¢ Ihcrni.il IR

(Flit) in _.vliich weak elili,_,_ive eilcrgy i._ del¢¢ilil:l¢

Ihloligh II1¢ allllOsl_h_,l'C; alld :inolhc'r d_'lt'_,'lablc"

I'IR illlClwal tS,t) Io 14.0 dill) COliililOllly, bul illll

cxchlsivcl), I¢l'_'lrCd Io ;is Ih¢ "lhl'rnlal IR, '''i

'_ Ille lelul "Iht'llllal iufi,iicd.'" .1_ ii_kl iii I¢liklt¢ _,n_ling, m+liltill.l"

ll'lt.'ll Ill I}li" spi%'llal Ii'!_,i1111 I_ Itl 14 _lliil li'pl'l't'lllillll i'lliillt'll

ladl.inl ¢111"1_," Il'_iil Ih¢ I'.lllh'l _lllli'l I.i.vel I.ll li'llll;_-rlllili.l In Ihi o

I,inttl" -._II lt, i t_lll"l'l. Ih.il ll'_lllll Irolll illll'lll.ll lcn¢ilrlal lild ¢%-

l¢lli,il .i_l.l! hloalilll_. I'hl, ll_llll ill_t.i illll lUipI I' a fechlil_ i_l" "h_ll.'"

.il ¢%ll¢lil'lll'l%l wilh .i t;[llYi'lli)_ i, lillli'_" i,Ir .I Ii_ll pllll'; lilch lll_l_ll_l

pllldll¢l-_lllllll_ _,l, nxilll_, l;idi.lliOll Ih.ll i,%ll'lllil I'lllili Ihi" vi_,lble

Ihll_u_h _lav¢l¢lll_llll i'¥1"il I_lil_l'l Ih.ill I1 _lilll. At I i-i!llill_ll.ll., ihl_

li'llll,; "lll'.il illl'l.lli'll" .ilid "%hllll_l.l¥1" inlllll'll" _]lllll]i| III nl I til ll•

Ik" I'lllllll_l_l _villl "hill" ill "|ll';il i'll'_.'i'l:l"_ Ihi'y I.llll'l)' ii'prt'_nl

Ih¢ _'lllllli[_lllll<lll ill" ll'11¢l'll'll _lll[ll iaili.inl t'llt'ig.}' m lhi. 11.7 ll!1.1.11

lllll llll ¢l_i..ll,
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Figure I-I. The electromagnetic spectrum, atmospheric windows, and the spectral operating rangeof sensors.Modified from

R. Colwell (upper diagram), and from Remote Sensing of Environment, J. Lintz, Jr. and D. S..Simonett (Editors), with per-
mission of the Publisher, Addison-Wesley, Reading, Mass.(lower diagram, E).

INFLUENCE OF THE ATMOSPHERE

The Sl_cctrum of incoming solar radiation (in-

solation) at the top of the Earth's atmosphere is

-:hown in the upper curve of Figur," I -+ Some of"

the solar radiant flux will be transmitted through

the atmosphere, some will be absorbed by the air's

,'on_titli,'nr_..::Ind the remainder will be reflected
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Figure 1-2. Solar irradiation curves, showing location of atmospheric absorption bands, from Handbook of Geophysics and

Space Environments, S. Valley il:ditor), copyright © 1965 McGra_,-Hill. Published with permission of McGraw-Hill Book

Company•

front gaseous molecules and particles. I° Radiant

energy that is converted to heat during interaction
will be reradiated as trained radiation. This inter-

action reduces the energy passed through the at-

mosphere, as shown by the lower curve of Figure

I-2. The downward spikes, or trou_ls, in the curve
represent ener_5" losses through absorption over

specific wavelength intervals. These absorption
bands are related to specific molecular interactions,

mainly with water vapor, oxygen, and carbon
dioxide.

lnterJctions of atmospheric gases with radia-

tion are particularly prominent in certain regions
of the EM spectrum. Abserption and other inter-

actions occur over many of the shorter wavelength

regioqs, so that only a traction of the incoming
radiation reaches the surface. 1 i The atmosphere is

much more transparent (transmissive) in the visible

l°Mie scattering refers to reflection and refraction of radiation by

atmospheric constituents (e.g.. smoke) whose dimensions are of

the order of the radiation wavelengths. Rayleigh scattering results

from constituents (e.g., molecular gases, such as water vapor) that

are much _maller than the radiation wavdenglhs. Such scattering
increases with decreasing (shorter) wavelengths (blue sky effect).

Particles much larger (e.g., dust) titan the wavelengths give rise to

nonselective (wavelengthqndependent) scattering.

I I Atmospheri c back_atter can, under certain conditions, account

for S0 to 90 percent of the radiant eaezgy observed by a space-

craft sensor. The hackscanered radiation experiences polarization
rh:_t varies in inren_irv and direction. This effect may be reduced

by desi,.ning sensors to ha,e minimal polarization sensitivity.
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rcgiott, in I_ilt'ts of lht` int'rar_.'d, ',lttd it) ttlicro_,,avt"

illltl h}11_¢1' :V;l'vt'l¢llglh I't`_ions I'ht'st' i;It¢lwals of

t` ft'it'it't t t [ r;,I I I _t t I i,'i,<io I 1 AFt ° CilHt`tl ' ";,I I t I I o._ p h L_'f'iC

_indows'" {scc Figure I-ICL _igtlil'ic;.llll tx'dttt'-

lions in II';lll._llliSsiCH1 o¢¢11r ill'Olllld ].5, ].t}. 2.,_ to

,I.0, 4..I, illld5.2 |0 7.0 _llt ill the iuI*vart`d, l'hcst`

,Irt`.lhert'fort` "'forlqdden'" intt'rval._for pr;l¢lit',ll

l'_?lllOlt`_t`ll.,iill_of lh¢ _llrfilo.',

l',d "'wimh,ws'" ¢ I,r wav.'h'.:¢th ) _y,cn n_ _',gi'cm'c

I'1"111( )[I,' ,_l'lL'_'illt2 .ll'l )11! ,1])_ ))'(" I]D," (ll?ll_ _._l)]lt'r('.

=1-': II'h,u is Ill, ely l,_ h,q,pt'n .liirthcr to

r, hJi, lli_ );I lhdl .llrsl dVl,t'rh'llt'('._ cm'rg.r loss f.,_,_.l' _fi

[It'l't't'll[ ] ill [',l._'._'illq t](lll'l/ [/I1"( Ill£h lilt" tlHtl{ i._'pht'r{'.

[hell itllt'zXlt'ls Icith thc SIll_l[lt't'. ,llld is .till,ll!l"

._'ttsCd D't )Ill ,1 ._t_dl't'l 7;I.[I ,11_, Jl'P lhP d[llll }st'Jht'rt'.'

=1-o: Usin¢ I"iq,,'c l-It: list tllc ]imr I,rim'i-

M ACROSCOPIC INTEF_ACTIONS

.._,s mllqiCd t`;n-li¢r, t't'llIol¢ sctlsing lt`chniqucs

dcpt, tld Illaitlly OIl the detection of cnliltcd alld

r¢fl¢¢lcd I'.ldiillioll I't`sttllttl.'.Z I'l'Olll lilt" illtt'r, lcti_)H

I_t'l_t't'll tlhlllt'r ill or ,|1_o_,¢ lilt' I;ill'lh', _; suil';lt't" illld

¢'11_'1_.1' I'rOlll itll¢l'll;l[ ;Uld of ¢\lcrnill SOIll'Ct`% _lhe

ptttlt'ipzll ",ollrt't, is tilt" "_tlll). I:Gr All.% II|;ll¢l'i;.ll.

illlt'r'lld] I:MR IIIIl_l 1'¢ t'OllSitIt'l't'd III l¢l'lll_ Of

.ll_,olbt'd. It'illl._tllillCd, dlld Xqilllt'l't,d t'OlllpOtlt'tlls.

_.herc,t_, t`xlt,rtlal F.MR Intlut,llCt'd b.V tilt" nl,_lt,rial

t'Ollhl_lN 4.ll' illt'ldt'lll, I't'l']ut'l t'tl, :llld Clllillcd

COlllpOtl,.'tll,',. All.% ilICld¢lll r;ldiiltll ¢llqt'g.v ilClillg OII

,l r,UlfA¢t, will ol_t,y lilt, lil_ o1 qOllSt,l"_.illiotl Of

¢llt,l'!'.) sllch Ih;ll r f IlL _ /_ : I , wh¢l't, r, {l. ,llld kl

,|l't" lilt" II'illlMlllllililCt,, dl'_sol'pliln¢t ", ,llld it`flt,¢lant'_:

reM_¢clivt,l._, defined .Is lilt' I';ltios of ll'iltlSlllittt,t|.

al'Sol'l+¢d. ,llld I¢l'l¢-'lt`d vildi;llioII IO lilt' illt'id¢lll

radiation.t 2

I'ht, Iol,tl I;Idtall¢¢ Ol r:ldia111 I'hlx t,lnan;llillg

I'l',_lll Sllll"ilCt, f,'itlllrcs Villics _illl _,tvclt`nglh..-Xs

tllCklSlll'¢d [_. il _,pdt't,l'ol'llt` Ol" ;lilbOl'tlt` St,llSOf

t,_ MCIll. Ih;ll t':ldiJI1ct, is Ih¢ "_lllll of lht't,t, ¢olllrib-

ii|lll_ t'OlllpOll¢¢ll_;: (I) ,l I_.'l'lt't'l_?d COllll_Oll¢lll, (_j

An t,lllil!cd ¢otlIpotlctll, ,Itld LJ_ .in ;lllllo,,I-,ht,ri¢

t'OlllpOllt,lll I¢lllillt`d AIId st'illlCrcd I'ildi+lliOllL

l{eflectance and l{elated Cot_cepls

I'hcrt, ,u¢ two gt,tl¢ral I._pt,s of rt,f'lt,¢litl.'-'.

Sllt'l'ilCCS Ihat interact with radiation: Sl'_t,clllilr

I',ilIoOl!l) .llld tlil'I'llS¢ Iroll.,'.h). I'llt.'st' li'l'lllS Art" lit'-

fined ,.z't,,m_t,lrlc;lll.v. nor ph_ni¢illly. A ,',ttllilCt, nl;i.v

.ll_pt`ill to b_.'p¢rlt`cll._ Stlloolh ill Ih¢ ph._ sical svttsc

It.t,., it ;Ippeilrs ;llltl t't'¢]s slnooth), bill kit il S¢;llt, oil

lilt' ordt`r of lilt, _av¢l¢nglh of light, miln._ irrcgu-

I.uilics Illighl of CUl throughout thai SIlt'l';Ift,. :_k'.'.ilil|,

,I t'OllCl't`lt.' I'O,.I,IWII.V Illil% h.'_ok Sllloolh ;lll_.l l'ldt

Il'Olll il distance bill I't`¢ls I'OIIt.'h Wilt'It ;1 fin.'.:,'"

p,lsst,s o_t,r it; Oil ¢[OSt' inM_t,¢tion l[lilt sltrfi|¢¢

_llo%V._ groo,,t's, pits, ;itld ,..L'rilllUl;.lr pI'OIII['_¢I';.IllCCS,

_hich ill cfft`¢l plOdllc¢ .I IIIilliilllll'¢ !oi_ogr,lph >

with widely xarying ,,Iop¢,_. I,Ltdiittlon impm,un,.'.

on stl,.'ll ,1 rill'lust, .',ltrt';lCt, is likely to be rt,tl¢clcd

or scilllcrcd tn IIl:lll} directions, I'he R,oleigh

Cl'llk'l'iOII iS tl.'xt'_.l lO d¢lt`l'tllillt` Stlrl'ilt'¢ l+Cqlghllt`SS

_._.Ilh l'¢Spt,¢ I Io t'ildi,ll loll. |'hill ¢rilt,tltHI is

¢\ I'l'_.'.'.scd ,IS

h'_ X ,_ cosO,

_ here h i_ an ;zw'r:l:,,.¢ ht'i.,.z'hl, ill some unil of wilvt'-

ICtlglh _ (e.g., .._llgslrolllS), Of irrt,,_,ularitit,s ;ibov¢

lilt" base pl,lll¢ ol" Iht, SIII'I';IC¢ IIIId I/ is lilt' ;lllgl¢ of

itl¢idt,llCt, (tn¢;ts;trt,d l'rolll lilt" lltWIIlill Io lilt' :;lit-

Lice). II'_ -_ h. the st_t'l':lt:t, acts :Is a,/t'.Oits_' rct]t,¢-

1o1_ ,_ '" h tlcsi,.'.ll;llt's ;I ._'ul_)th Or spt'cltldr Sl.lrl'a¢¢.

i'hc r;ldiOllletric p:.il'iiln¢lt`r illOS| frt,qllt'lllly

Illt'ilNIll't`d I_V I'¢1110|¢ St'I1StlI'S oiwralill,.,, ill Ih¢ O.-I

Io 2.5 ],1111 I'_,lllg¢ iS l't'.f[cCl,ltICt'. I_,t,t'l¢¢tanct'. ;llld tht,

I" I'he tt'rln_ |tAil_ll|l:_;ivlt%..ll_so(pll_.'i|% .llld I'¢l_¢_'|iVllV rct'¢t Io

tlltttllM¢ plO|_¢f|tg?i of .I _.lll_r_l.lll_.'e ,llld ,tic IIIt'd_.liTl.'_ of lilt • _;ip;l¢l|}'

_'l .t Stlb_t.ltl¢¢ |o |[illlXllll|..l[_Sotb, ,|tld t¢ll¢_.'t itlcidgh| T.IdiallO|l.

',_.lt[Iott| tct_:atd |o I[1¢ 11.tltltt" 'at _.Ot|lCt _ Of that (;|tlt._|hln. _lt',l_-

_11¢t11¢11|_ .|lg IIt.|d_." Oil '_.tllllqCS O| It_l|f r]l&¢.'_/l¢'$.%' ill _.'|li_.'h lh0. °

ItWId¢ll| [.h|lA|lon strikes .t srrtt_nffh I_.p¢¢tllaf) Xtlfl{t'i;ll ittt_'tl'.tct'.

I'hlotlghotll this v, otkbook. Icrllls ¢lltling ill "°,111_.'¢" ,lI_" tilt't| III

I_tt'lctctW¢ |o IIio_._,0 Clldill_', Ill "1%i|% °' x_.hctl sp¢ctli¢ nt.ll¢Ia_l._

;T;,1'.._L_.Iz'z_ !'_ ',[_;" _!t?: *'-,'z" !'_".D3_ C_._ll:il;!_.'!t':[
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COlllpLllliOll tel'IllS tr;.lllSlllitt_lllCl2;.llld ;ll+sorl+t:lllCe.

are t.lilllCllSiOll]eSs lll.llllllcrs (l'rOlll r:l[iOS_, l_et'[e¢-

tahoe from a material surface is defined as the

ratio of rellcetetlradiant energy to tileirradi:mt

energy :llld is COItllllOlll.V CXII{'CSSCt.I ,IS LI [+crCCllt:lge.

Alternatively. the energy terms can l,ereplaced by

power [erlns, ill watts per Stltl;.ll'e Illetcr per sleradi;ll]

tW m: sr_ t.

A. specular surface rcl'l¢cls radiation according

to Shell's Law. which states that the ,ingle of inci-

dence 0 i is CtlUa[ Io the angle O1" rellcction (?.

where the angle.,, are measured from the llt)rlll:ll to

lhe surl'aee :lilt] wilhin lhe principal plane coll[:lili-

in_ both incident and reflected rays. Actu:ll values

of sl)¢ctll;.Ir reflectance tldl_elltl Oll the type of

Slledtll:lr sllrl'zICC ilIVOIvctl. _l_Cclll:lr r¢ll¢fl:lllCes

within the visilqe w,lv¢length r:.nlge vat, I'rOtll :Is

high as {LQI) l\_r a ver._ good tllirror {o VHIllt.'S Of

0.02 It> 0.[14 for ;I _,lllt'_O[]l w:ller sl]rhl¢¢, hi

general, nJtur,il .surfaces depart significantly froHI

spcclll:lr at shorter wavclcntr, lhs (into the inl'r,lred_

alld lil;.i.v still bc difl'llS¢ ill the microwave regioll.

The behavior Of ;1 perf¢ctl.v Jifl'ltse, or I_am-

bertian, surface is depicted in Figure [-3A. In this

case, incident rays c,'om a Sillgle tlist:lllt source S

lying at :ill illcident :1lisle 00 (llleasured lrolll a

zellilh or vcrtic:fl directitm ].1 ;llltl ,In azimuth

angle _, (relative to north N) strike a horizontal

surface leqll:llorJ:ll pl,ITle within :1-;phere). If Ill:It

plane is rough or difftise at the _,ivelengths O1" :1

I1ttndle of rays, a ray at ,m.v poillt {) will be relict-

led ill St)llle direction depelldillg ell 1he slope al

the poillt o1" contact. I'h,it dil'eetioll I_, illay be

I'¢l_res¢lltdtl l_y ,I characteristic _.¢clor fixed till

polar ¢oortlinates_ oil the tipper hcnfisphere b.v

its zmgle of rcllectailce 0 tot so;flitting angle _3)

:rod its azimuth angle ¢. At other points, the

direction of R will prt_l_ably differ accenting to tile

orienlation of the slore at the imlnedial¢ irregu-

larity ill the surface. I'hus. a large number of in-

¢Oillillg rays tllectillg the surface at other irregu-

larities (llIOSt pr,ll_:llq.v with ralldolllly oriclltcd

sloucs} will bc redirected tdivcrge) in all possible

direetiolls exlending [hrottgh lilt" ttl,t,er henlisphcre

of reference. ]'he rildiance :11 :.lli.v olle direction is,

Oil ;iverZlge, [lid S,,lllIC dg _.IIIV oilier, in other _vortls.

ratliallee is COI1F, t:lllt ;.It ,lll V vic',,_,,'lllg ['_OsitiOll tlll

the hemisphere ,.llld is Ihdl'Cfole illdependent of

0 o (l_ut relllelllbdr th,lt rzldidI1¢¢ does del_diitl ,..111

the |_ro.icctctl a."e:: vie,,v,,'_!), l!-_,.,.'_':_'r. !!:.." r::,.!i::::t

intensity measured at any position will vary

according to the relation: Io = In cos 0. which

states that as the angle of in¢iden[ radi:ltion is

v;.iricd, the intensity of incoming radiation also

changes. This ¢quatitm arplics to the special ca._

of ,lircvth_tnd rvlh'chz/tvc, in which tile incident

and rellected rays lie ill the same i_rincipal pl:me.

For radiation ilupinging the surface along the

zenith direction (i.e.. normal to the surl'acel. /)

= 0 ,hid cos 0 = I. alld thcrct\lre It_ = !0. t._ At any

oilier angle of 0, cos (1 --_ [ :lllti IO is reduced. Al-

though a surface viewed frolli :lli.V position will

seem 1o he unifornlly illnmirlated (¢onst;mt radi-

ancel, that surface will becollle less bright :Is the

source is nlo_,ed fronl a vertical (overhead) position

towards the pl:lne itself (hori/on). l'he term I,idirrc-

[h Ithl/r¢'.lh't'hl?l('C t 4 describes I he COmlllOll ol'_ser_ :l-

[ional condition (such a.s ill renlote sensing) ill

which the si,'wing angle o differs fronl the angle ¢/

incidetlt on a difftlse surla¢¢. ;itltl the rays :ire lie[

in the s,une principal plane. In the general case. the

expression relating the bidirectional relle¢_,mee ,o

to the irradianee I- is:

PR JOe""_o.0.,5)=

I

--p l0 o' t5,,. 0. O) CO'; 0 11: COS 0 I

_vhere PR is me:.lSltretl rdllect:lil¢¢ :lloHg ;I dirc¢-

[il.lll R I?(.1111:1 scattering IqJIle.

Ne:lrl.s. all II:ltUr:l[ surl'act's IClld [tl ['W COIll-

bin:ltions. It) varyiHg degrees, of specie;it Lllltl

tlitflL'_' rellectors. Figure I-3B ts is a plot of direc-

tional rellccl,mees wilhin a prin¢illal plane of the

Iwmispherc Ibr {I_ a perf¢¢tl.v tliffo._ reflector

[ 3In Ihe t|_,ilal ¢.1_" for Sl%lt'e ol_'l_.lIions, sol;li" iffJdl.llion COllies Ill

dt _.lr|¢)O_ dngle% Id.lil)' dfld '_';lf_n.l[ ch&ll.t'.es ill ¢[,.'_,.tlion ;ll|d .Ill-

ttluthl llt_o-Ilo[lll.ll to tile I:dIlh'_ lellcctlll_ _,l.ll|zl¢¢s, _._,]lt'rea_

tho',,¢.° surl.lcvs ,lie viewed .llllltl_,[ .it a II_,_IIIl&[ tO tile sUrf'.lee thlt_llgh

•_ _n,_ll scan .mele ( "O.S_" f,,r the [ .tllt|s.l{ _,l.'_SI.

14.1n_th¢l" tel'Ill..ll|_¢dt_, refers :,, the tld_,'tlOh O| tile ltll;l] illcI-

dent ellen'S?, r¢llected llolll ,i tltl'tl_.¢.° tldlNral planetary _,llff..l_-e.

It 1_,. ill eH'eet, lhe .t_.¢r;I._cd rel'lccted r.ltli,illces tntegl';ited over j
ht'/lll_l_llgre el Fcft-{'t_/|t.t _.

I 5.1tddl_te¢ | /_'_n! I_zrtlnan. F. t... /7_,- Rv.th't.ranc¢ ,:rid .Ycattcnnc

ot ._la_ I¢ddiation I_. the I._rr_r. l'echnleal Report [15Sh._-I I-1".
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OR;G_NAL ......

OF POOR QUALITY.

(symmetrical envelope associated with ray D; tile

envelope remains the same for all other angles of
incidence), and (2) an imperfectly diffuse (specular

component) reflector (envelopes vary with incident
angles A, B, and C). For other scattering angles

ft. the bidirectional reflectances will integrate into
irregular three-dimensional envelopes within the

reference hemisphere. Since rellectances vary with
wavelength, envelopes of spectral bidirectional

reflectance must be produced for each wavelength

in the range considered.

#1-8: lehy does the general outdoor scene

seemingly brighten from dawn to noon and then
darken towards sunset? Why can you still see ob--

/ects after the Sun has dipped below the hori-_on?
tehat conditions cause the Sun glint eJJ'ect-a

bright glare coming from an area within a lake as

you look down from a hillside?

#1-9: leith the ideas in the preceding para-

graphs in mhtd. explain the phenomenon of

progressive darkenhtg towards the edges that is
contmonIy observed ht low-altitude aerial photos.

" ZENITH

I c-SCATTERING PLANE
PRINCIPAL PLANE-,, _ /

,!

E o _ W

AZI_

PLANE NOR/TH 1

Rd

A

90":

o

#1-10." What other effect (geometrical) is

fikely to be present in such photos?

Various ideas developed in the last few pages

can be brought together at this stage by consider-
ing th." radiances measured by sensors on an orbit-
ing s;,tellite such as Landsat. For a given spectral

band, specified as X = )`t to )'2' the MSS on Landsat- I
will measure a total radiance L as the sum of re-

flected solar EMR from the surface, Ls and the
EMR scattered by the atmosphere, La. A general
expression _6 for this is:

,x.

'* f °

where

E ()') =

R ()')=

ra ()') =

r: ()')=

p ()')=
e

P_ ()') =

spectral solar irradiance normal to tile

top of tile atmosphere,

spectral responsivity of the instrument,
monochromatic slant path transmissi-

vity of the atmosphere for Sun eleva-

tion angle fl (measured from tile grotmd

to the path of the solar ray to the
nadir point),

monochromatic transmissivity of the
atmosphere throu_l the zenith Umdir)
direction.

spectral reflectance of the surface.
atmospheric reflectance as a function

of the Sun elevation angle ft.

A plot of L or p versus k produces a spectral
response curve, as discussed on pages 28 and 91.

Another useful plot, that of radiance versus Stm
elevation angle for any material, may be constructed
for each spectral band. This serves as a set of criteria

allowing identification (and separation) of materials
by using radiance values obtained under different

incident angles and a constant (vertical)viewing
angle.

Figure 1-3. Schemattcdiagramsshowing dlstr=butlon of re-
fleetedradiation from diffuse reflectors. 16 Equation 4.26. p. 91, in the ManualofRemote Sensing.
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EMITTANCE AND THERMAL PROPERTIES

For the Earth's surface as irradiated by the

Sun, the amount of reflected radiation begins to

drop off gradually above ca. 1.0 /am. Above ca.

4.5 /am, the radiation from the surface becomes

predominantly emissive. This radiation results from
changes in the kinetic states of vibrating atoms and
molecules in the excited materials and is therefore

thermal in nature. All substances at temperatures
above absolute zero (0 ° K [Kelvinl )* 7 emit energy

over various regions of the EM spectrum, depefid-

ing on their specific temperature. Materials at the
Earth's surface receive some internal heat (largely
from radioactive elements in the crust} and are

therefore continually emitting thermal energy. In
addition, a large part of the incident EM energy
irradiated from the Sun is absorbed and transformed

into re-radiated thermal energy. Thus. most of the
sensed surthce heat results from solar irradiation.

which adds a variable tdiurnal and seasonal chang-

ing) amount of thermal energy to the constant
small heat I'lux from the interior.

At infrared wavelengths longer than ca. 3.0 tam.

and especially in the 3-5 tam and 8-14 /am atmo-
spheric windows, reiilote sensing is concerned with
the effects of heat and the measurement of tem-

peratures. In making measurements and calcula-
tions, an ideal thermal state-that of a perfect

blackbody-is adopted as a reference condition.

A blackbody is defined as an ideal emitter at all
wavelengths, absorbing and emitting radiant energy

with the maximum possible intensity and maximum

possible flux rate per trait area. Thus. such a body
absorbs _a and converts all incident radiation into

heat. regardless of spectral composition of incident
EMR. For any wavelength, the spectral radiant

exitancc Mx tin units ofW m: A "t). is given by:

Mx Xs ehC/xk'l.l

17Degrees Kelvin = l)egrccs Celsius (°C} + 273.

ISBlack as a "color'" results _l_en all visible incident radiation is

absorbed and the blackbody is no;. _ut'ficiently heated to induce

tcradialion discernible to theeye's re,once range (ca 0.4-0.7 _alnJ.

Ilumans perceive black objects b} tilt:h" contrast to _.olored sur-

ro!lnding¢,.

an expression known as Planck's spectral distribu-
tion law; h (Plank's constant) = 6.62 X 10"34 joule

sec, k (Boltzmann's constant) -- 1.38 X 10"2_ joule

per OK and c = speed of light. This equation indi-

cates that, at any given wavelength, the exitance
(and hence total energy) of emitted blackbody

radiation increases as temperatures rise. It likewise
states that the intensity distribution of the radia-

tion varies with wavelength (depending on the
relative contributions of Xs and e tl_ terms)

through minima at high and low wavelengths to a
maximum value at some intermediate wavelength

characteristic of the particular temperature pre-
vailing ai thermal equilibrium.

Only a few natural materials approach the be-
havior of a theoretical blackbody. Real materials

are gray bodies, that is, ones whose emissive power

at given temperatures is decreased by the multipli-
cative t:actor e, or the emissivity (ratio of emittance

of a real body to that of an ideal blackbody) char-

acteristic of each material. The emissivity of gray
bodies is constant at all wavelengths. A selective
radiator describes natural materials whose emissivi-

ties vary with wavelength.
Experimental conditions simulating a black-

body state may be approximated by directing

radiation into a close't cavity with opaque walls
coated with some ,.bsorbing material, and main-

taining the walls at a uniform temperature. One
commonly used cavity is the Hovis sphere, made of

metal with the inner lining covered with black

paint. Thermal radiation characteristic of the
interior temperature is sa:npled through a small
hole: the measured radiant exitance (emittance) at

any wavelength should conform to the value cal-

culated from the Planck equation.
According to the Stefan-Boltzmann Law, the

radiant flux F a from a blackbody is related to its

kinetic temperature T k by F B = oTk4,where lhe
constant a = 5.67 X l0 "t2 W cm-2 °K "4. This

equation slmws that the total energy (over all
wavdengths) emitted from a blackbody increases

with increasing temperatures. The flux F R for a real
body is F R = eo Tk 4, from which the radiant tem-

perature Tr_ for that body may be derived by using
the expression T R = eY"T k. The variable T R is the
param,'ter .most conveniently measured by t!_ermal
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radiometers.Note th::t tile emissivity e may also be

Calculated as tile ratio of F_ to F,_. When the 1]uxes
are referenced to some unit area (giving then, by

definition, the emittance) at any \vavelength. % =

MgO,)/MBtM. which indicates some dependence
on wavelength.

At thermal equilibrivm, spectral emissivity ex
is equal (in magnitude) to spectral absorptance

(%). a statement of Kirchhofl_s Law. Since a black-
body is a perfect absorber, its emissi,,ity must be 1

(for a pertk'ct reflector, e = 0). From the relation

r+ot+p = 1 tsee p. 24). for an opaque material
with r = O. and substituting e for <_. tile relation

e + p = I, or e = 1 - p, is derived: emissivity may
thus be calculated from reflectance measurements

for any wavelength or wave band.
Most natural materials, as gray bodies, have

values of e between 0 anti 1. Rocks and many other

inorganic materials have emissivities betweeq 0.80
and 0.95: e for water is about 0.08. Variations in e

arc smaller in the 8 to 14/am range than in the 3 to

5 tim range, so that common materials are more

spectrally similar at the longer wavelengths.
Thus, the temperature of a material nleasured

remotely by a sensor is just its blackbody temper-
ature reduced by the factor e for that material.

Thermal data collected by the sensor must also
be corrected for atmospheric attenuation and

meteorological effects, and for the sensor re-

sponsivity R, a constant of the instrument calcu-

lated as R = S/0 (_'t to X:). where S is tile signal
value, 0 is the incident flux. and tXt to h2 ) is the
wave band of interest. The measured temperature

is known as apparent temperature (or brightness
temperature when applied to the microwave, re-

,On).
For rely body. the wavelength of maximu:n

thermal emission ), (in micrometers)is given
m_lx

THE MULTISPE

From the previous discussions on reflected
and emitted radiation, it should be evident that

materials will respond in diftL, rent, generally dis-

tinctive ways in different parts oi" the EM spectrum.
Moreover. within any limited region of the spec-

trt,m, a particular material will exhibit a diagnostic

spectral radiance pattern li.e., characteristic in-
tensities ot refiectea or enutted radiation that

by Wien's Displacement Law:

_'max - 2.987 X 10 3 tam °K

Trad

From this expression one can deduce that increas-

inky hotter bodies radiate their maximum energy
at progxcssively shorter wavelengths (the peak
defines the characteristic radiation "color" at the

specific temperature).

#1-11: Using Wien's Displacement Law, cai

culate the peak wavelength for thermal radiation

from (1) the Sun's photosphere at 6000 °K, (2) a
forest fire at a temlSer.aturg, of 60_0°C, and (3) the
Earth "s'surface at a local iemperatu're of 1 70( `

#1-12: What part of the L;tl spectntm should
be used to sense the thermal state of(1)the Sun's

exterior, (2) the Earth "s surfiTce, atut (3) a forest

fire detected through obscuring smoke?

At longer wavelengths _microwave-radio regions)

the measured temperatur', is customarily referred

to as the bd_mtess tet_pe.-ature, T n, a function of
inte_ated speetr..il power as detennined by the
Raylei_l-Jeans approximation for radiance:

L = 2kT/X 2 = 2f z kT/c 2 where k = the Boltzmann
constant (1.38 X 10"23j/°K). f= frequency in hertz

(Hz). c = speed of light and L is in units of watts

per square meter per hertz per steradian
(W m"z Hz "l sr "i). In the microwave re,on, vari-
ations in the dielectric constants for different

materials become important in determining the
emissivity effect. Althou_i the emissive character
of a material is of principal interest from the

thermal to microwave re_ons, emitted radiation at
these wavelengths is itself capable of being trans-

mitted, absorbed, or reflected.

CTRAL APPROACH

vary with wavelength), which generally differs

from that of another material. Thus. every indi-
vidual substance or class of related substances has

its own specific spectral signature or spectral
response curve (see p. 91). Each class of sub-

stances or features shows some dominant signature
or pattern by which mem_'rs of a class can be

identified. 1 lie signatures of these members (as. for
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example, different crop types or different soils)

share some common traits (such as certain absorp-
tion bands or other fiz_e structure) but often show

enott_l variation to allow identification of indivi-

dual types.
In the current practice of remote sen._ing

techniques, the ttmltispectral approach has proved
most effective. "i'his involves either measurenlcnt of

the spectral signatures over one or more regions of

the spectrum, as with a spectrometer, or sampling
of the radiation intensities l,or some related param-

eter. sttcl_ as p_wer or reflectance_ as _ingle values

integrated throtlgh specific intervals or wavebands.
as with a spectroradiometer. This is illustrated in

Figure I-4, (sec also Figure 3-5 and related ques-

tions), which shows typical curves making ttp the

spectral signatures for three common classes of
materials, general.;zed from spectrometer lneasure-

meats by omitting most of the fine structure.
This fine structure within a spectral response

curve can be important in identifying specific 'ua-
terials. For example, many individual miner:,l spe-

cies have diagnostic narrow absorption bazlds

(transmission n_inima_ centered at certain, well-
established wave lengths. Laboratory techniqnes

using speetrol._eters are commonly sensitive enough

to distinguish between closely related minerals or
other materials _vith similar compositions and/or

crystal structures by measuring the precise loca-
tiol_ of the band centers. The spectral ctIrvcs for a

series of generally different rock types from Wy-

oming, shown in Figure (_-18. demonstrate this
point. In the interval from 0.4-2.5 tsm. distinctive
absorption troughs provide significant dat_ on the

presence of ferrous iron (band centers around

0.9 tam). OH- laround 1.4 /am and in the 2.1-
2.3 /am intervaiL water ( 1.4 and 1.9 pro). and CO_

(mainly. near 2.35 and 2.55 t_m). Shifts in the
band centers may disclose the precise type of

clay or carbonate mineral present in sedimentary
rocks, or make evident the nature of character-

istic rock alteration pro_tucts (e.g., iron-rich or

iron-poor secondary minerals): the band ampli-
tudes relate to the amounts present. Additional

information as to composition resides in the (her-
trial IR intervals, within which the reststrahlen

eflL,ct (see p. 338) is sensitive to silica ,',_ntent of

assemblage.; of tlw silk.cat," v_iv_,'r:lls that make up
most rocks and soils. Even in the field, the some-
what smoother ,:urves for rocks and soils obtained

with a spectrometer may show sufficient detail_

to permit identification of groups of related
materials. (Figure 6-19B).

There is also fine structure in spectral re-
flectance curves of vegetation Csee Figure 6-23).

As indicated in that figure (and also Figure 6-21),

the influence of chlorophyll and other pigments.
leading to absorption in the blue and red regions

(but not strongly affecting the green region-
hence, the typical colors ._f green vegetation)

controls the response to irradi._tion in the visible.

The distinctively hi_l reflectance of vegetation in
the 0.7 to 1.2 tam region _s dominated by the inter-

nal structure (cell wails) of the vegetative materials;
water absorption bands occur at various wavelengths

throu_lout this region and in the continuation of

the spectrum out to 2.51am. Variations in water
content in the vegetation further influence the over-

all heights of response curves beyond the chloro-

phyll absorption band at 0.65/_m.
Ideally. one would wish to operate a spectro-

meter from an aircraft or spacecraft platform in

order to acquire spectral curves Imving the details
just described. For most such instruments, rials

cannot be done practically because of the need
for the spectrometer to dwell on the ground tar-

get long enou_ to run through all the spectral
regions of interest. Even for fast spectrometers

that complete their measurements in 2-3 seconds.

the field of view distance (._¢e p. 33) traversed along
the ,.,,round track would be many kilometers from

an orbiting spacecraft (thus, ver¢ poor spatial

resolutionL Of course, the spectrometer cc,uld be

sighted manually on a target, as was done oy the
astronauts on Skylab. Or, a large number of in-
dividual detectors, each of narrow bandwidth.

can measure the dispersed spectroradiance, but

the number of photons counted by each detec-
tor (amount of energy sensed) would likely pro-

duce too low a si_aml to noise ratio (see p. 37).
At the time that kandsat-I was designed and

launched, the state of the art in sensor technology

required use of multiband radiometers which
instantaneously measure spectroradiances, over

broad spectral inter_'als. Thus. we shall confine
our atteniion here to a consideration of sampling

discrete wavelengths as center points of individual

(broader} wavebands.

-71-,'.¢: II'IIiciz regiolts o]" (�if nl_t'cttl_trl slto_,"

lht' largt'st rtTh'ctance /'or these materials: (a)

Water. (b) Rock. (c) l'cgetatk_n?
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#1-14: Which material has the highest emit-

tance, the lowest?
#1-15. Which material is "brigh'est" Onost

reflective) in the ,,isible range?
#1-16: Calculate the ratio of reflectances of

vegetation and rock at: (a) 0.6 /am. (b) 0.9 /ant.
(c) 1.6/ant.

b

_m SILTY WATER

eele.e RED ROCK/SOIL

==

<

tg

=,.

0.3 0.5 1.0 1.1 ]0 tO.O

WAVELENGTHI.ml (LOG SCALE)

Figure 1-4. Typical spectralcurves(generalized)for three
common su,-facecover types, from Re,note Sensing:The
QuantitativeApproach by P. SwainandS. Davis.Copyright
© 1978 McGraw-Hill. Usedwith permissionof McGraw--
Hill BookCompany.

At Which wavelength is separation (distinction)
based on intensity differences most likely to be

achieved (see p. 163 for a review of the usefuhzess
of ratioing)?

#1-1 7: From the cuta'es hz Figure 1-4. you
should now measure the re]Tectance of each class

at two discrete (very narrow) wavelength htter-
vals, centered at 0.5 and 1.1 /am. Make a table l[ke
the one below.

Reflectance (%)

(Class)

© • +

Water, Rock , Vegetation

h I = 0.5/am I

I

I2_2= 1.1/am

Plot these vahtes on the diagram below, in which

the 0.5/am vahtes are plotted on the X-axis and 1.1
vah_es on the Y-axis.

1-I
_so

I x
o

I I

50 100

#1-18: Suppose that an unknown material or
class is charactericed by sFectral vahtes that plot at
x. What is this object most likely to be? ltow might

you test for the identity of this object, assttming

that you have an instrumcltt capable of measuring
any part of the spectral region covered by these

signatures? Consider. too. that this might be from a
new class.

#1-19: If you plot vahtes measztred at three

discrete wavelengths (Xt' Xz' X3)' sketch one type
of diagram that would help to risuali:e the distri-

bution of tile values.
#1-20: What if four or more wavelengths are

measured? Can these be conveniently plotted?
Comment on what might be done instead.

#1-21: Let tts presume that two surface

feantres, a forest attd a dense ]_eM crop. are meas-
ured for their spectral responses attd both display

similar vahtes for ;vavelengths _t' k2" and Xz, and
possibly for o t.her wavelengths not meas:tred, iio:v
might these be separated attd Mentified (assume

the multispectral data are used to constrrtct intages
of rite ground co/ttain#tg these features)?

The multispectral approach. ;lien, is carried

out by using cameras (with filters), scanning radi-

olneters, or spectrometers to measure radiation
intensities continually through a spectral region

or discontinuously in discrete intervals (wavebands)

withil, the region or even at specific wavelengths.
For analysis, spectral data may be plotted in

multidimensional space (N dimensiot_s: special
plotting techniques or mathematical analysis are
required for N>3) by using the discrete bands or
wavelengths as axes. Measurements of the same

class or surface feature will vary. (why?), so that

plotted points will scatter, as shown in Figure 1-5
for the two-dimensional case.

Each class consists of a population of variable

characteristics, such as spectral properties, giving
rise to a distribution or cluster of values. Hence,

this type of plot is often referred to as a cluster
diagram. There is some sin_e value, calculated as

an average or mean (shown as o). representative of
the population of values in each class. The varia-

tion or spread of values may be numerically ex-
pressed as a standard deviation o or a variance o 2.

A number of statistical tests (for instance. _nal3,sis
ot variance, Chi-square) may be applied to the
data to characterize and distinguish different class

populations. These tests also apply to data values

3O
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Figure 1-5. Two band cluster diagram, with decision
boundaries for three common types of trees, from Remote

Multispectral Imagery

Perhaps the easiest way to gain a qt, ick in-

sight into the muitispectrai approach is to examine

a set of muitispectral images. When displayed as

photographs, these images record the variations in

radiance from band to band (wavelength intervals)

"7..,,,as gray simdes or levels within a gray scale. Thus.

the ifigilest intensities, or brightness levels, of

radiation reflected or emitted from a surface are

rendered in lig.ht shades and the lowest levels in

dark shades. Thi_ relationship is si,nply the ex-

pression of a basic equation underlying the charac-

teristics of a film _egative. The equation, D = 1'

log E. states that the increase in fihn density D

(or opacity) (proportional to _ay level) is a ftmc-

tion of the log,,rithm of the exposure E (a time-

dependent measure of luminous flux or the quan-

tity of photons impinging on a unit area over a

stated time interval). Density is also influenced

by 1' (gamma). the slope (given by tan 0), of the

familiar characteristic curve produced by plotting

corresponding D and log E values. For a range of

exposures, this plot (the Hurter-Driffield, or tI-D

cutwe) will be a strai_lt line but l_e,'•_mes nonlinear

at higher and lower exposure __:_ :. The rate of

change of densities or contrast with respect to

varying exposure is determined primarily by the

value of gamma. The intrinsic scene brightness

initially determines the slope of the curve and the

intercept of the extrapolated straight line portion

with the exposure axis. hnportant factors modify-

ing both con',rast and bri_ltness include fihn char-

actcristics and developing conditions.

When a multicolored scene is photographed

for unknown obiects. Special tests are performed

to determine the population, if any, to which an

unknown belong. These statistical procedures are

at the heart of the process of classification (class

identification) described in Activity 5. If classes

are truly distinct with regard to spectral character-

istics, tiley can be separated, as shown Ln Figure

I-5, by linear or multidimensional boundaries

determined by some appropriate discriminant

function.

on panchromatic black and white film through an

unfiltered lens, different objects in the scene will

t_e imaged in different gray shades depending on

their color composition and radiance or brightness

levels. It is usually difficult to deduce the actual

color of each object since its brigh:ness also con-

tributes to the level of gray recorded in a positive

print and represented by the film density in a

negative. However. suppose the multicolored scene

is photo_aphed throt,gh a series of colored filters.

each selected to pass a narrow range of wavelengths

centered at some dominant wavelength. Consider

Figt, re !-6. The upper left panel shows a colored

geologic map of southeastern Pennsylvania. (See

Figure 4-9B for a larger v:rsion of the same map.)

This map was _,hotographed on standard black and

white film through three narrow bandpass filters,

centered on segments of the visible spectrum in the

blue. green, and red. respectively. Now, look first

at the resulting black and white photo made with a

blue filter (upper right). Light reflected from the-

bluer patterns in the map will pass through the blue

filter with only moderate absorption (or. said

another way, with high transmission); the film

negative receiving such light is stron_y exposed

dfigh dens. /) and a positive print made thrrefrom

will show the blue areas as light shades. Conversely.

the red and orange reflected light is highly absorbed

by the blue filter, causing only slight densities in

the negative and very dark shades in the print.

Greens in the map will show up as intermediate gray

shades in this blue band print.

As you mi_tt predict, a con]parable situation

31
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may be derived from analysis of tile prints produced

throudl use of tile green (lower left) and red (lower
fight) filters in exposing tile intemlediate negatives.

Thus. the green filter nearly completely absorbs
the red light, so that reddisl" patterns appear very

.lark in the print. Likewise. celors located towards
tl, e red end of the visible spectrum will give rise to

shades of ,+,.raywith varying degrees of lightness in
tile red filter print whereas-the original blue tones

appear as dark shades. Note also that some colors
tend to pro(t, ce generally dark (or light) sh:'des in

all three filter prints, as for example the dark red-
dish-brown zig-zag pattern prevalent in the left side

of tile colored map. This result.3 in part from the

inherent darkness (level of saturation, see p. 19)
of this particular color and also from the nature of

brown itsdf (a mix of red and yellow with black).
It should now be obvious that one can deduce

the approximate color of an object or pattern by
measurements (or. often, simple visual inspection)

of tile varying levels of gray in a set of multispectral

images or photos made fron. different bandpass

SPATIAL RE SOLUTION

As will become incleasin,gfly clear in other parts
of this workbook, successful identification of indi-

¥idufi classes within an image depends oq both

spectral and spatial characteristics of ,'he gn'ound
feat_res making up tile classes. The role of "'spa-

till'" canqot be overstressed. Photointerpretation

of conventional aerial photographs relies mGre

heavily on spatial a_tributcz (especially shape, size,
and context} than on color or tone properties. In

multispectral imagery, this same dependence on
pattern, in the geometrical _ense, is involved in

classification, but the spectral characteristics are
often equally important. In fact. some classes may

be accurately identified solely by their spectral
responses, in remote sensing, the use of pattern

recognition in image analysis involves sets Gf mea-
surements of diabmostic prop+tries that relate to

sampling points at specific locations x t . x .....

x,_. Because a recast, red property usually has

',arsing magnitudes, tile array of values in measure-
lnent space :nay be represented by measuren,ent
vectors.

In the spatial realm, res+_luti, m is a key paranl-
eter wllich inllucnces the aoiilty tO extract usefui

in format ion. It is import an t. t here tbre. to have a c lear

understatldillg of the ti!e:.tllillg of "'rosolutioll. .+l°

filters, provided tile brightness levels are also taken
into account. It is also possible te recombine several

(usually three} different multiband images through

a color additive tecimique (page 93) to generate
a color photo-im:ge. Tne sizeeific colors thus re-

generated depend on the gray level patterns in each
multiband image and on the color filters used in

the additive process, among other factors. Those

color renditions that simulate :he origin_ scene
colors are called natural color images: those consist-

ing of significantly different colors te.g., red for
green) than their c.-i_nal counterparts are referred

to as false color images, h!uch of Activity 3 is de-
voted to expounding upon these conceptsjuat intro-

duced here. with emphasis placed on tile interrela-
tions between spectral signatures, multiband sampl-

ing of radiation, color-brightness characteristics.
gray levels, and formation of color products. Exam-

pies of multispectral images, mainly those created
from data acquired by Landsat sensors, recur

throu_lout this workbook, and especially in
Activities 2 and 4.

In tile vernacular. 'spatial resolution" defines

the fineness of detail depicted in an in:age. "lOlls
translates into a measure of the smallness of ob-

jects on tile ground that can be distin.e.uisiled as
separate entities. This is not a rigorou?, dcq,d,.ion

of spatial resolution and lacks an intrinsic quantita-
tive aspect. One problem in understanding resolu-

tion is that different definitions have been proposed.
Four ways of categorizing spatial resolution are
cansidered here. namely determination based on

(!} geometrical properties of imaging systems,

{2} ability to distinguish betwe"n point targets,
(31 ability to measure periodicity of repetW, ve

targets, and (4) ability to measure spectral proper-

ties of small finite targets.
In the first category, resolution is determined

bv sensor characteristics or. more specifically, by

certain optical and electronic parameters. Consider
a sensor mounted on a platform orbiting tire Ear:h.

Fbe portion of the '.-.'round scene that is effectively
imag,.d is called the (totaD field of view or FOV.

Tiv: FOV may be quantified as twice tl:e solid
•'.n_e of viewing, j3. measured t_tween a line to the

t°This treatment of spatial re_lution is adap,ed from an unpub-

h_.ed review by John R.G. Towashend. prepared at Go.ldard

Space Flight Center.
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For tile MSS, each colnlmllent of tile inlaging

s)'Stelll has its own eharacleristic MTI:. The restlll-

ant MTF of the total system is tile product of tile

illdividual cOlUlmn¢lll M'I'F's as nnllliplied: a

pholo-ilu:lge of a k;uldsal scetle would illclude tile

contribution of tile sealnler and tile film MTF.

hi the fourth category, wsohllion is defined

ill terms of the ct't'ective resoh.tion elenlent (l'-'Rl"l.

'111is etement is considered to be a.single honlo*
geneous obiect (nor:n:llly circular) surrounded by."

a larger llomo:,,eneous object field whose radiance

is .jilsl ._l) per¢elll _1" the I'ull .-so:lie ¢:ipability of the

me:lsi,ring ,_nsor. I{RI.'. is tile mininmm area of

tile c¢_llr:ll obiccl whose st'eclral properties may be

dislirlgllished frolll Ihe surrounding field with :1

I)5 perce:lt conlideuce thai the recorded value

dil'fers I'rotn tile actual value by no glx'aler than

.-I Percent of the sensor full scale value. This ap-

proach requires knowledge of the I_robability dis-

Iribulion of the signal power:llld lakes iloise i.,fl_,cls

illlO a,:counl. Stlk'll ;i llie_.iSUlX', Ilased Oil r_i_.!ioll_ellic

as well :is sp,llial characteristics el" tile signal ,_ource

(target ol%iecl), provides ;i re:llistic ÂridÂcatÂoil of

spati,II msolulion, hut dil'ficullies hi conductil)g

the nleasulx'nlenl *,ill the l'arlh's surface Inake it

:ill illil,ra¢lieal iilethod.

I:roul the previous i_aragraphs, wc see lhal

dil'felx'nl values of spali:il resohllioil will resull

froÂlÂ the difl'crenl ways in which Illis i,roperly is

llleastil'ed. Both thc !1:O7 alld Mrl: al_l_l'oaclies

arc lliOst of fen cited for Sp:lce-acqtlirt'd i,nagt'r)'.

I'¢rhaps lhe easiest way It) gain a qualil:ilive

insilhl into lhe nleailin I and ilnl_Orlailce el'spatial

resohiiioii weÂlid be Io exailliilc Ihe Salile scelil.' ;Is

inlag_-d ,ll olle liill¢ undc'r _.'olldiliOllS thai are

identical except for varying resohltion. This ob-

viously v'tluld be dolle by rllOilllling several electro-

optical seallners, each with a dil'fereilt IFOV

• /usually acconlplishcd by adjuslilll d¢leclor size).

or several pholo-Calucras, each wilh differei)l

optics aml/or fihu MTI:'s, Oll all airplane or sp:iee-

oral'l. StÂell ;Ill experinlClll is inlpraclical alid lill-

ilc'¢es,sary. A sinlple alternative uses a COlllptilcr

!_rogram-.lo progressively "'degr:lde" :i high resohi-

tiOll:.aiCal_ ItÂage (acquired lit ;t digital lUOd¢l
lhrotil_lf <;,_'k'queilee of lower resolutions. The

initial IFO7 Ipixcl sizc, in tills hlslano') is corll-

billed Ihrough resaillplii) I (see p. I $ ]) hi hlereincills

of 2, 3, .4,_,R, or olher convenient whole nulnhcrs.

I_:ich newly crcaled larger pix¢l (lower resoluliolll

reprcselils a r;idklllee averaged from seine nliilll'll.,l"

of inilial pixels, l!xalnine tile effect of this leeh-

Ililllli_ for dcrivillg r¢soltiliOli._ of __0, l{J. 40. and

S0 illelers frolÂl original 10-11Icier IFOV data ob-

tained by ;i liliillispcclral SealÂnet operaled frl)iil all

aircraft ow:r :i lest sit,: in Telllll.,ssee (,Figure I-7).

Note in parlieulair the gradual loss Of detail in tile

sire¢l i_alleriis ,)f lhe lown of Maryville, several

I'actory coillplexc, s, lrOtlpS of hollies, and Ihe

ilearb) airporl. Wilh dccreasiilg resolulion If'rein

I0 to SO till, the ,ibilily io idenlify iliese ¢las,,_-,_

or features progressively di,.uinishcs so thai few if

all)' Â';.in bt" r¢cogilized by spali:il characteristics

a[OilC ;It Stl Ill. rhk' I:lrger. lllorc honloot'lleOilS

fields aiid I\_resl slands retain lheir idenlilics

lhrotlgh lh¢ 40-i11¢I¢r rcildiliOil bill b¢coiii¢ illÂi-

bib, lieÂis al ,R0 ill. I lowcver, bolh tirban features and

the l]eld-I'oresl classes display seine dislinluishin l

spectral cliara¢lerislics even all ihis Iowc._l rcsolu-
liolÂ.

SENSOR SYSTEMS

Let us ilow rcstillle our allalysis of tile del]ni-

lion of relllOle seilsin o. St'nsor syslen',s loday are

of tell sopllislicalcd illSlrUill_0ills consisting tÂ|"

oplical, n)echanical, alld electronic stlbsySl¢lns.

The I'oiir COllill()lll.'lliS of a typical st'nsor are I ] )

Collector (such ,is a telescope, lens, or anlcnnal,

12) ilL, lector ll]ln), tq/otoiuullil_lier, diode}, 1.11

SiglÂ;il Ili-occssor (ainpIiller, iuodul:llOr), and (4) Re-

cording unit Iphololraphs, iiipe recorders, dib'il-

izer. slrip chart, display syslenÂ such as TV lllOnilor

or ('RI" {cathode ray iubel I (see I:i.mlre I-I !{/.
.-ti_ airborne mulli,_pcclral scailll.2r tt:igur,." I-Sl

is oilÂ such lypical sySleln. The scanning clelllei)l

is usually a rot;Âling ._r oscillating mirror thai sweeps

across a scene in :l direclioi) usually nornl:l] Io ;i

I'lilhl palh, so thai Ihc forward illolion of the air-

crafl is respol)sible for lhe advance lronl ont, ._all

line Io Ihe ilexl. Radialiol) froi)l a soÂtree or lal'_t-I

is ¢oll¢cicd ihroiigh a telescopic opiical Syslclii

liavinl either a fixed or ,ill adjustable POV lhal

defiiles lhL" scan Ihle whllh. This radialion nliisl be

dir¢cled along d:l]nil¢ l_alliways and I'oeu._d b)'
using I¢llses. prisnls, nlirrors, and ¢oUhnalors as

relluired. The inullisl_eClr:il r:idialion lllay be sulk-

divided inlo discrcie _,_.a_,'elenglhs I'l7 n)c:ins of

difl'raclil)l prisnls Ill" .u'r:ilin_s, or into waw'b:inds
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by variable or fixed wavelength-interval (band pass)
transmission or absorption filters. Some scanners

use rotating .filter wheels containing one or more
interference filters. In one mode, each of several

filters samples only one specific wave band. In
another mode, a circularly variable filter (CVF)

produces different wave bands as a function of

changing thickness of the dielectric elements in tile
interference filter. Each band contains those wave-

lengths passed through a particular thickness range

in the rotating filter as radiation is admitted through
a chopper (which alternately transmits or stops the

beam) In one setup, the radiation in each band is
channeled (e.g., through optical fibers) to a detector
sensitive to radiation in that band region. The

usually weak signa!s are intensified by some ant-
plifying (gain) device. These analog signals (as
voltages or currents) may be recorded directly or

indirectly from within the sensor or transmitted as
analog or digital pulses to a receiver elsewhere.
The signals are then decoded, if necessary, and

played back on an imaging device (for example.
an electron beam or laser beam recorder), a strip

chart recorder, or, when digitized, within a com-

puter processing system. One component often
inserted in the optical train is a chopper, which

permits the incoming, radiation to be split or inter-
rupted and a second radiation source (usually an
internal radiation source for calibrationj sampled

alternately.
Various detectors may be used in tlte sensor.

For photo-cameras, panchromatic, color, and infra-
red-sensitive fihns serve both as detectors and re-
corders. Most electronic dctccters are sensitive to

incoming photons or other particles over a limited
range. Some typical detectors are photomulti-

pliers (0.3 to 0.9 /am), silicon photodiodes (0.9
to 2.5/am), and mercury-cadmium-telluride detec-

tors (8 to 14 /am range). For longer wavelengths.
particularly, in the thermal region, the detectors

must operate at low temperatures (well below 0 ° C)
and are therefore cooled passively (for instance

by normal heat dissipation to space, as with the
Landsat-3 thermal band_ or by some refrigerant in

a vacuum bottle or by enclosure in a closed cycle
mechanical cooler. This cooling suppresses elec-

tronic noise (small. spurious transient signals that

make up the background continuum) caused by
molecular or electronic motions in the detector. A

detector's performance is measured by its signzl-to-

noise ratio (S/N), which specifies the smallest

external Signal that can be detected above the noise.

For reflected radiation (p), this sensitivity measure-

ment is expressed as NEL_p, or the noise-equivalent

reflectance (where L_0 = p, - p=); for thermal
radiation, the parameter is NEAT.

Remote sensors are classed or named accord-

ing to ho_v they function. Most are passive systems
that measure radiation originating at or reflected

from targets illuminated by natural means. A few

are active systems that generate their own radia-
tion output (for example, radar waves) beamed to

irradiate the target and then sensed as a return sig-

nal. Among the principal sensor classes are (1)

Radiometer (measures radiation in a s.ingle wave-
length interval or band, such as microwave), (2)

Photomete- (measures intensity of light [photon
counterl in all or part of the visible spectrum),
(3) Spectroradiometer (measures more than one

spectral interval; multiband er multichannel instru-
ment). (4) Spectrometec (measures continuous

spectral radiances [at discrete wavelengths] over

SCAN MIRROR

• 29"

\

SECONDARY FIBER BUNDLE
MIRROR ENDS AT FOCUS

/ i '

l PRIMARY WHEEL

_/RROR

1t .6" VIE_V
TO EARTH

Figure 1-8. Schematicengineeringcutawaydrawingof the
LandsatMultispectralScanner(MSS).

some wavelength interval_, (5) Radiation Counter

(measures quantity or intensity of radiation by
some integrating or discriminating device), (6)
Scanner (measures spatial distribution of radiances

by scanning across a target or object, usually by
means of a rotating or oscillating mirror), and
(7) Camera (measures light or other radiation that

can be recorded on film: also provides a spatial
distribution pattern or image of varying radiation
!nte_:,:ities).
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SENSOR PLATFORMS

i'o bt' usL'd efficienfly, _1 st.tl_or ttlll_| I+e

mounted on ;I sl-+lble l_lalftmu, l'ht.simplt.sl of

these is tlm l':mlili:irtripod holding a canlt'ra thai

l+rOduct.s still lqlOtogral+hs or tltOX'it"+,. (';IIII_+'F;IS,

l';idiOlll¢lt.r,_., spt.clrOlllt.lt.rs, ,lilt| olht.r %ellsors

Call be mt+Ulllt'd till lllt_bilt' l'_l;itl_rlllS ;llfacht'tl l+v

.lOlnlt'd booms L"¢ht'rry lq_'kt.r") IO 11llck,,i for

vari.lblc dislallee lie;r-surf'ace operatiolt. 111 r_+'tnott"

sellSillg, lllOSl pr:lctic:ll t1._t,s oI" sellSt+l.'S rt'qIlirt" Ihenl

It+ bt" ill ttioliOlt wt.II ;ibo_,'e tht" _FOiltld St'+ ;IS It+

;It._.'OIltlllOd'.ll_.' [;ll'_t.e l'ieltls o|' vit.w ,llld to Co+;t.l +

t.xlended areas dllrin_ ;I sill+tleIII+NS+i'_II.BaIIooIIS.

t.illlt'rIclht.red or frt't',pro,,ide one suvh lqalform.

I'ht. bt.sl knowll platl'OrlllS arc :iirt'r:,l'l of v;lriOllS

kiuds; they indude Ioxv I le.,,.., tha,' 2t)t)O0 I'1/, mediulu

120000 Io .10(}{}0 fl} and high iluor¢ Ihall 4(10(IO

fl) ;,llill,tlt. ;,irplancs (bolh l++.'ilOll alld jr'|k'llgilleS).

ht'licolilt'rs and other hovercral't, sailpla,lt.s t.,alidt.l.'s),

dirigi!qes, alld d,'Oll.t.S. I:rOlll lilt.St" pl;llt'ortll.5 ¢o,11e

,x}1111erolls tx'pt.,s i'l" ;j Prial i+holo.,.tr:lphs +vllich. until
• .." .... '.. :_:7 _ _:

- -.l,'ect.,ItlX'g xvt.l'L'; tile }_,+.,._l COlll,llo,i I+t.,llolt ' St.ll%illg

,.., -+ ,o l+,'_+_lll_.'ls +I,l If'rills of llll,llbcrs 01" i,ldividil,,lst't',lCS

a_.'qlti,'t.d per '.llllllllll. ()lht.r nt.nsot+x, im.'h,di,l,..t' r,kli-

olnt.lt.t+N, xCa,l,|t.rs. ;llld r'.idilr I,IlIIS, .+It_+" ;list+ flown

Oli :lirl++.+,',lt.l+lillt'orlHs,t),1¢ disildV.l,lla.t'.et'\pt.ri-

t'llCt._.lfly _Olllt.St.ll._Ol+Si._lilt"illlhl¢ll_.'t."dlll'lll_ill!"

lli.+'.hlof ;rrc,.:.ular,llOVt.,ll¢lll_(pitch. roll. :rod y;m

¢lft.cls..l,ld chii,l+tt.si,i;lltiludt'ion lini¢_It'pt'lldClll

iII01 illY,l;llllilllt.OilS} lllt",IStlrt'lllt.ll|S, Sll_.'ll ilS _I[_" tllild.x"

I_y SC,lllllt.l"_. I'ht.se illtl'Odl,Ce distortions into lilt"

data scls; ml,lg,,+'s f1o111 :.l Ilighl slril', ',,.ill oflt.n dis-

play _']O,l_;,li+.+ll 01" sllorleilill+ t, ;llld dis,c,olllillllili++'s.

,Ri,lct.lilt".IdX'etllof the space t.r:l,lqall'orllls

h,,xc ,11oxcd i,,to Oilier splice..iboxt, the di_,lt,rbi,l.,.a,

[x_,i,ld pl'Ollt.} i,il ,l};isst.s. Fallicsl ust.s of' spact.

"iXSlt',llS Hli.'It,dt.d se',tl,ldillg ,'ockt'Is or l+,o[',++'s xxitll

II)Ol,,llt.d e;,I,I_.','i,S ;,,Id ha,ld-ht'hl Ci,,llt.rilN Oi+CrillCd

by +,sll'Oll;ll,tS dutin._ tht. .\h+'rct,ry and tielltini

llli,lslons, l'he .\polio asli'otlilu Is ust.d mult ispcct,+ill

,.';llllt.ril_,: dur ng I;irlh-olbiti,lg missions ;is x,+t.llas

It;it:it exeu_itms. Several itew settsor _ystell|s,

dt.si.,.a'lled for Sp:lCe operaliOll.,,;, were It.sled dllrhlg

the Skylalb inissions from It)73 into t.arly Iq74.

hleludt.d xvew luultispeetral ¢-'lnier:ls. all Farth

lt.rr;.lill ¢.llller:l thigh re.,_)hltion, l;irge art..l}. :I ¢Oll-

tiuual svut.el) ulullispe¢tr:ll SC;luner, ;,,I iufrared

st+eclrOmelt.r. :1 micrtlwilv¢ .',_.'.lllt.ronmler. alitl il

tlliertlx%'ave " "'r:ldlOlnt.ler.

V:lrious s,.'llSt)_, hlehldhlg iufr:lrt.d r:ldionte-

lt.rs..'_':mut.rs and teit.x'isioll imagers. IlaX't. llowtl

o,i so1111, t,llnlilnnt.d satellites. Mt.ls:lls. or satellites

ust.d It) make Ult.leort)logit'al obst.rx.illiOllS, have

carried such inSlrl,nlt.UlS siuce tile early IOeR)'s.

+i'he Nimbus and •i'IROS series of mltt.l|iles offered

t','t.qtlelll Stl,'%'eys Of large art.as el" Iht. It.train its it

b_.-l+rodt,_:ltit" ,lielt.orologi_'ill d;ll;i gillht.ll,tg.These

pi'ogralllS provided some t.:irlyiusighl {lilt)lhe value

of S)'llOl+li¢ ol,servaliOllS o1" land Sllrl'/leeS, willl

applicalit)ns It+ I!.'irlh rt.sour¢¢s in ulind.

rht. prt.st'lll i.lllldSlll i_rllltrllln t.volxt.d I'roill

nll¢li I+rOll'+ililS ,IS Niillbiis, (,t.uiiili, ,iltd Iht. .'_t)-1_5

t.xpt.rilllt.nl oit ;\l+t'+llo -ti, L,lild,_il is a dt.di_':ilt.d

Iq',iil'orin tst.e I:igurc I-I)liosting _'nsors dt.signt'd

sl+ecific,llly for Farlh r_'SOll rc'e._ ol+serv,llions.

I_.,nd>,il- I ',i,1,../,l,il,nchcd on Jill) _'I. 1,17'2. l+,ilid._,il-_

_v,is orbilt.d oil J.lllil,ir)' __, I_175, alid I+,indsai-3

oil March 5, I_le,R.

I'his ;icihily _'_111 ilOW bt" ehlsed. Ilmvt._'cr,

b¢l'or¢ l_roct.cdin,,.t , ttl Iht. 111"%1 a¢li_ilv, you shtmhl

oni2t, illOrt' ¢OllSidt.r Ihe workitlg dt.fiuition of re-

lilOlc" S_.'ll._ilig OII I_lll." IO. :%._k %'tllll.'S¢lf It, h,il %'Oil

It.arnt.d and _';in bcllt.r :ippre¢ialt. about t.adl of lht.

kt.y wordx %oli undt.i'linod al the _+lliSt'l. ito,a,' Ih:il

) till h,p.t, t.Mqtlrcd ,+.Olile of Ih¢ del:iils ,lild inIplic,i-

iions dcvclol'.t.d for lhvst, lernls in tilt. exposilit_il

ih,il folh)wed. Ilien, in .Voilr iiiiiid or hi +XOllr

ittllt.l+ook, record for posl¢rily votir oxvn dt.fhlilion

of rt.lliOlt, st.ilsinl in ,is I'cw words as pos,_il,le

tli,ikt, it ;i "ollt.-lillt.r."

.;N
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A CTIVITY 2

FAMILIARIZATION WITH

LANDSAT IMAGERY

LEARNING OBJECTIVES..

• Xnow how to read the atmotation on a Landsat image.
•. . .%

• Become acquainted with characteristics of 1:1,000,000 scale transparencies attd prints o1" Landsat

Multispectral Scanner ( MSS) images.

• Take note of the general ilt]ormatictt risible in these Landsat photo products.

• Bt' aware o]" the c/ranges oJ" appearance o] any grotmd ]L'ature or class ht the black-and-white images

made from the ]'our MSS hamls attd note the characteristic color of each class in color composites.

• Determine the degree :o which a Landsat image meets map accuracy standards attd can be fitted to

map projections.

• .Issess the effects of Lattdsat enlargements attd scah" changes and o]'the limitations o]'Lattdsat reso-

htth)n relatire to aerial photos.

• Observe the in]luettce of time o]'acqttisition (season) oil a Landsat scette.

• Gt'I a feel for image quality us depemtent on processing and photo reproduction.

• ..lppreciate the Unhltte characteristics of the Return Beam Vidicon (RB V) attd tltermal band imagery

obtained from Lamlsat-3.

• Be familiar with certai:t attributes of adjacent Landsat images which permit them to be ]oined irz

mosdit's alld to be i.iewt'd ill stc'rco.

"l-his activity effectively serves to introduce

you to what can be learned in gencr:d from a land-

._a_ hints,.-. ;'¢c .,,hail work mainty wltll a well-known

scene imaged by Landsat during exceptional view-

ing conditions on October 10, 1.)72. This ima_

shows most of New Jersey and nearby New York

City and Philadelphia.
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-READINGLANDSAT IMAGE ANNOTATION "

To open this activity, let us learn to "'trans-
late" the inlbmlation that appears in the annota-
tio, header at the bottom of any Landsat lYame.

(See Figure 2-1, a color composite image of the
New York City/Philadelphia/New Jersey area taken

during the October 10, 1972 overpass.) Entries in

the annotation and along the image margin provide

a quick way to locate any Landsat scene in its prop-
er geographical context. The most important points
arc marked by lettered arrow_ at the bottom of

Overlay I (.tied to the annotation on this scene).

These are explained as lbllows:

a. Tile Landsat frame identification (ID) num-
ber. The first four numbers are coded to

days (last three di_ts) after launch of

Landsat-I (1000 and 5000 series)and Land-
sat-2 (2000 arid 6000 series}. For Landsat-

3. five numbers (30000 series) are used.

Following a dash. the second five numbers
tbr each Landsat represent t!le hour (di_t

positions I and 2}. minute (digit positions

3 and 4), and teals of seconds (digit posi-
tion 5) relative to Greenwich Mean Time

IGMT) at tile time of observation. For ex-

ample, if the MSS scans a midwestern United

States scene between 23 and 48 s (a full

frame takes 25 s to acquire} after 9:45
a.m. (standard time in that zone), the orbit

would be recorded as acquired at 15:45:3
(where 3 indicates the nadir point time at
35 s. in the third set of tens), the corres-

ponding time at the Greenwich Observa-
tory outside Londol_, six time zones to

the easL If this image is acquired by Land-
_t-l. 183 days after launch, its ID number
is 1183-15453.

b. The calendar date of Landsat frame data

acquisition.

c. The latitude-longitude coordinates of the

principal point _l'ormat center) of the
scene.

d. The latitttde-longitude coordinates of the

nadir point.

e. Tile specific sensor band (I,2,3 = RBV _or
kandsats-I and2: A and _ for pair of
RBV's on kandsat-Y): (4,5,6,7 = MSS

reflectance bands}: (8 = .MSS thermal channel

on Landsat-3), also indicated to right of
second dash in notation A.

The elevation (EL) and azimuth or compass
bearing (AZ), in degrees, of the Sun at the

time of acquisition.

Additional details on this annotation, especially

a_ it has been modified since early in 1977, are

presented in the summaries prepared by the
EROS Data Center and reproduced as Tables 2-1A
and 2-1B.

#_-_1". L_amine the annotation at the bottom

of Figure 2-1. Record its (a) scene ID, (b) nadir

poflit coordihates, (c) Sun elevation, (d) date of
acquisition. (e) sensor band.

The lbregoing annotation system provides
immediate information pertinent to an image
already in hand. However. in many instances, the

prospective user needs to know whether a region

or a smaller area has been imaged by Landsat on

some given date or within a particular time period.
The percentage cloud cover at those times and the

quality of the imagery are also important factors in

choosing suitable scenes. From 1972 through early
1979 this basic information was recorded in U.S.

and Foreign Catalogs prepared and issued quarterly
by Goddard Space Flight Center. Since 1979 this

function has been assumed by the EROS Data
Center (EDC), at Sioux Falls, S.D.

The EDC also publishes sets of maps, each

consisting of an index to Landsat coverage of a
broad re,on over some specified period (ttsually a

year). Tilese maps specify.nominal-scene coverage
for data acquired at receiving stations in the United

States (Landsat data obtained at foreign stations

are cataloged by and available from the operating
country). These nominal (named) scenes are lo-

cated on :, path-row coordinate system imple-
mented initially by the Canada Center lbr Remote

Sensing, then adopted by EDC for all of North
America. and later extendca into a Worldwide Ref-

erence System. The map sheets (1:18,000.000}

make up the World Plotting Series (North America;
South America; Eurasia. Africa; Oceania: Arctic
Oceau: Aatarctica}.

4O



Figure 2-1. False color image of the New York City - New Jersey - Philadelphia scene obtained by Landsat on October 10,

1972.
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Table 2-1A

Explanation of the Alphanumeric Annotation of Landsat Imagery

._.4

Original annotation in use from July 23, 1972 to Feb. 17, 1977

_0"::='6'9q

•. a . .*_ * =aT3 E " _¢ ;.

.,._._.®
",11----'-- |wAIIR,_

..-_.®
|XAM_eUE

C.:_e Came_a _ Camera 2 Camere 3

• 4O ,8 84

B 56 84 72

!20 120

.= '80 "_0 '80

0_-- Aom, tu_e ¢o.ect_on

43-5_ Sensor i.4 HOPe sc=e¢-

_0 0" _o*cates ",_ecl trail-

_,IS,O_
=" .acatN store¢l _lta

salm_,'l _vovi" ,ecor_e_

:_atB; ,_ _os, tlonl $548
' _UN EL 3if _Zg' _S

Sun ,ang, e_ _ _un e4e_mmn inc_l

_e 'aSS 'rime • _qClf;e_l _o

;e_re_ _e=.t_e_ ClOCZw,se _rom
_eue _on_ t s o_t_ _etn o_ul

-eeo_o -_mlVe _o _In meqe s

, Chml¢lm ¢o_t=ons 91k I t4

[- t _43,,1 efJ3-_(I

_ame ,oe_me.a_ Num_ --

nee ,mege _' *,ame r,m • ur_au_l

•, - Llmm_m 1

DCO -- oar n_mo_ rmml,,e to
tluncn _ _rml o_ oos4_ve-
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- A iarger-scale doverage map for the united

States that illustrates the path-row system is re-

prodttced in Figure ,-_.TM • l='acn individual Landsat

scene for any particular pass (date) tends to have

its principal point located near some geographical

location. Principal points for a series of repetiilve

passes over time will cluster around that location

(usually within 10 kin) owing to orbital per-

turbations. Some combination of three-digit

path and row values specifies ea,:h nominal scene

as, for example, path 024-row 031 Ibr Chicago,

in Figure 2-2.

#2-2: Referring to I:igTtre _-_."" determine tile

path-row mmlbers fi_r the closest nominal scene

for tile following h_cations: (a) Philadelphia,

Pa. (b) lCaco. Tev.. (c) Boise. hlaho.

_ " What is the Uplwr lintit of different--r_-,)o

nominal scenes (both along an orbl_al_path and

an adjacent one) which can image the some local.

ity (say, a town)?

As an example of a location outside the

United States, the path-row coordinates for Perth,

Australia, are ! 20-083.

The path-row index nu,nber for any nominal

scene does not uniquely select any given image

(which has exclusively one frame identification

number). To order an image from EDC (see A_pen-

dix E). one must indicate desired date(s) and

maximum acceptable cloud cover along with

the path-row number. Information on "all passes

over the nominal ._cne that meet these cohditions

can be provided by EDC to aid in the final selec-

tion. If feasible, it is best to visit some nearby

Landsat Browse Facility (Appendix E) to inspect

the images on file before making a choice.

PINPOINTING FEATURES IN AN IMAGE

If you are well-traveled and have developed

some geographical "'savvy." you will probably

recognize certain landmarks and regions in many

Landsat images just by looking. Others will be less

familiar and mu._t o.Cten be identified by consultitlg

some reference. You no doubt reacted to your first

glance at Figure 2-1 by easily recognizing several

well-known features. Let us see what else you can

locate in /his image. A grid extracted from the one

used lhroughotlt .llisskn: to l:'arth has been drawn

on Overlay I in the back t_ocket.

-_-4. Using the grid coordinates (e.g.. L-13)

llst all)" maior geographwal ]'eatttres that .volt

rccogni'.c J'rtnn ,,'our c'.x'l_ericHcc. _'TlC'H. referring

as needed to the Nathmai Geographic Atlas for

other atlases as convenient), locate by grid coordi-

nates these less obrious places:

a. Pater._on. N.J.

b. Schuylkill Rirer

c. Sandy lh_ok..V.J.

d. Readhlg, Pa.

e. Delaware Water Gap

f Staten Island, .\: Y.

g. I¢ihnington, Del.

h. Pocotlo ;I.Ioltttlain$

L Barnegat Bay

]. ..|ll6,tltown, Pa.

CHARACTERISTICS OF EACH BAND

Next, refer to the four black-and-white im-

ages in Figures 2-3A and B. These images are

arranged in the order of batltls 4 through 7, the

four channels on the Landsat multispectral soap-

nor (MSS) that scn._ reflected radiation.

_2-5: Whi,.'h t,a,,d is tit,' ,h_rke_'t ,_r,,r, dl"

-_-6 Which is lightcst ;.n tt)nt'. )

,_-7. Which band shows the greatest photo

contrast (range o flight and dark gray tones)?

_2-8: Specuhzte on wh.v band 4 appea_

somewhat "'washed ottt.'" Illint." think "'atmo-

spheric. "')

"'-O. bt w.t'.ich bands art' urban areas best

picked out: In which bands are these areas dark?
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#2-10: hz which bands are lakes and river

drainage pc, terns most easi?," outlined?
Turnpike? is (are) any band(s) better than others
]'or discerning these roadways? Wiry?

#2-11: Cart you guess why most of the land

sttrface in band 6 attd 7 images appears light hz
torte? (llints: check the spectral range of these

bands I Table I-1 /artd also examine the spectrom-
eter eltrres showH otz page 91.)

#2-12: ICh. ,i band best shows mountain

ridge patterns? Speculate on the reason.

•r_-13. Is Atlantic Citr, .V.J., itt this scene?

#2-14." Can you find segmct_ts o/the Penns)'l-
vania Turnpike (gire coordinates)? The °Vew Jersey

__-lJ: Carefzdly look over tire metropolitan
region centered around .Vew York City as dis-

pla.red in any or all of the black-and-white attd

color re_tditions. Use a magnifyhrg glass or iutnd
lens if necessary. From your general knowledge

of this we_l-known region, locate any recognizable
major geographical points of interest (such as

Central P, rk) atrd describe how you recognized

them. Now, compare your obserrations with
those on a map {see a suitable atlas)of the region.

llow well did you do? Can you broadly zone the
main urban and suburban sections; if so, on what
basis?

SYNOPTIC CHARACTER OF LANDSAT IMAGERY

Returning to the fuU New Jersey scene

I F_gures 2-1 and 2-3) the synoptic (ex_,ansive area_
view afforded by Landsat embraces an extensive

piece of "'real estate'" extending through the north-
ern two-thirds of New Jersey, part of er.stern Penn-

sylvania, and sections of New York and Delaware.
This scene inclttdes six lain� rc._,ious or ph.rsio-

graphical prov#,ccs of major significance to geog-
raphers and geologists, namely the following:

l, ..Ippalachian Plateau: The region is charac-

terized by flat and moderately dipping
U'olded) sedimentary rocks. However, recent
uFlift has i_creased the stream gradients so
that erosion has produced strong relief.

giving ris,. to mountainous terrain {e.g.,

Pocono Mountains'l.

..;t_l,alachian Rhlge and Valley: This prov-
ince runs continuously from New York to

Alabama and is characterized by narrow
linear or arcuate ridges I for example, Kitta-

tinny Mountains) of resistant rocks (sand-

stones) alld broad valleys of _eaker rocks
(shales. carbonates_. These rock units arc

strongly folded.

New ,It,rs_.:r ttighlamls: This upland r,,_jinn is

underlain by gneiss and other igneous and

,rtetamorphic traits and is nla.-ked by flat-

4.

_o

(}.

topped mountains and numerous lakes. The

province is narrow in this scene but widens
to the north and east to form the Hudson

Highlands in New York and the Berkshires.
Taconic Mountains, and Green Mountains iv,

western New England.

Piedmont: The re,on is tmderlain by crys-

talline rocks (gramtic intrusions, metanaor-
phic belts) that tend to fornl rolling ltills and
weathered, soil covered lowlands which

often rel]ect the structural lineations within

these strongly deformed u,fits.

Triassic Lowlands: In places, the Piedmont

province has been involved in later geological

events that formed distinct lowlands (usually
fault-bounded grabens_ invaded by igneous

intrtlsions, In this scene, the major event was
confined to intrusion of basalt dikes and

sills, which are expressed as distinct ridges

and hills I for exan_ple, the Palisades and the
Watchung Mountains).

..ltlantic Coastal Plain: This region is marked

by gentle lowlands and nearly flat areas
underlain by ahnost horizontal shallow

marine _dimentary rocks dipping eastward.

The western surface is given to extensive

agriculture. To the east, forests, salt marshes,
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Figure 2-3B. Band 5.
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Figure 2-3C. Band 6.
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Figure 2-3D. Band 7. (Numbers relate to Figure 3-4.!
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;llld IIlc:ltlows grade i.lo I'_r;Ickish Water l'tay.¢,
• ._.. ._. qk

;rod lagoons criticised I_" barrier isl:fnds thai

Illakt" II|_ a distinctive coastline, in a sense a

distinct Province of ils own.

=2-11_: With thcsc ,h's,'ril,tir," ..,'tthh'lim's.

trr to r_'cogltiz¢ t'_ich II_ll'illct" ill the .l_lil ._ct'llt'.

w

)'ou sh,,Ihi mark u'ilh a grcas," p,'ncii the ,,Mimal¢,t

I,ottlt,l, tl_r SCl,dratiltg ¢'ach pl'orbl¢¢ eli Ort'r_a.t:" l

(back pocket)...liter completing the ta._k, t_n,pare

.ro.ltr choice with some apl,ropriate l,h.rshlgn#,hi,'al

map such as tho_e drawn by RaRz. Strahh'r. or

,_tht'rs. ,is rt'pnidtlced ill matt)" general gt'ography

o/" gt'oh_t/.l' lt'._'l$.

G EOM ETRICAL FIDELITY

One of tilt" most desir:d+lc allributcs of a

L:md._ll MSS image is thai it ¢;m be tlSetl "'.ls re-

ceived t' :is ;ill effective base m:ll_ on which dat,l

;ICtlllirt'tl in the fiehl or Ir:msfcrrcd froln olhdr

itl;|l'_S tll:ly be plolled or sketched. Ill fail. geolnel-

rically corrected l_;llltlsa[ ira,lees now Illee[ n:lliollal

ulap accuracy standards for 1:250.000 scale maps.

After undergoing get'mlclric:d corrections (see

pp 425 to 4311 at the (;oddard hnag¢ Processing

I::lcilit.f_'(ll_F). the images are w:_'::t'ly orthogon:|l

I i.¢.. tlislorl ions tl|le Io ol_litlll¢ viewing bcyolltl lhe

nadir point have been ininitni,,edl. Ily me;ms of

gfotlntl COll[l'ol [_OilllS the illlages Cilll IIIt'll I'_t" lrallS-

l'Ol'lllgd Io a specific c/irtt_gr:|phic i_1"oeclion.

Initially. the IPF tilted ira:lees to the I.ltlivcr_d

Fr:ms_crsc Mercator (lrl'M)proje¢liou. In Io?S.

this prtqcction was replaced b.v tile ill;line Oblique

._lcrcalor I)roieclion. ;ill ;|ppn_ximalioH ,to tile ,¢q";lee

CJbliqtte Mercator l'_rojection, l.,mdsat im:lgcs can

he prcsenled in sliil olher pr_)i¢clions mosl c,lsily

ac¢onHqished by coin [_LI l C r-_lSSi,,, I e d I r;.lllSfOl'llla-

liotlS.

Overlay 2 tl,ack podkt'l) is ;i tr:mspareat copy

Ill" ;I II1;ll '_ Of seclioIlS of New York. New Jt'rs¢.v,

;llltl I_¢nllsVIvzllli:l. ;IS ix'|_rothlct'tl fl'Olll part of lhe

I : 1.000.000 Albers Conical Equal*Area Projection

appearing in the National Geographic Society

Atlas (10o3 editionL l'hc New Jersey scene inl:.lged

in I07q-15131 is silualed in this map. Try your

hand at matching the map with all.'," of tile bands ill

i:igttW 2-3 by movitlg it into po_ilion and lhct! I/x-

ing it with nlounting tape. You call also attempt to

match the overlay with the band 5 transparcnc.v of

this scene (see back pocket} by placing them on a

light table or a viewgr:lph projector, or by siuwly

holdillg them against a daylight window.

a =3-1 7: ll,,w well ,hws the map fit tht" image.'

II'h_'r¢ art" tht" l, tr_cM di._crcpall_'it'._?

Note that true Lgeogr:whicall north is not perpen-

dicular |o the upper horizontal edge of,I frame but

meets i[ at a high ;m'.'l¢ sl.mlt'd left. Also. the side

edges [swath boundaries1 of a frame are non-

vcrlical lids resulls from I,ro:m'c_iv¢ westward

shifts of the scan lines after adjustment to correct

for lhe rotation of the I-arth under the spacecr.:ft

_hile it tllo_,es along its orbital patl', on tile day-

light side.

E ffects of Scale Changes

Llset'ul infomvlti,_n can be cross-correlated

I_t_¢etl Landsal inlages and Ill;.IpS drav_n or rc-

prtxtuced over a wide range of scales (typically.

frotll 1:24.(_]O Io l:lO.Ot_3.(_._.)) As an example.

obtain a copy of lhe 1:25().('_) AMS m:_p of i'_;.lrl

of Ne_ Jersey and Pennsylvania INK I S-I I; Near-

ark) sold for $2.09 by the 1.1.S. Geological Survey

(see .&pl_et_dix l:.). L_.'atc ¢omnaon fcatures on ',he

mat_ and the l.andsat scene in Figures 2-I :lnd 2-3.

and thereby I';tniil_ari,u _,,lts¢l!" _,iih intcrr_1._lh...z

tile features in an image and their counterparts on

a nlap at :1 different scale.

l'here an." ._vcr:d convenient ways to facili-

tale this ¢OUllsarisoll for inol'_ rra¢lical |'_llrt_o._s

Slldh ;is ill;i r updaling, d¢lcdlion of changes, or

inlcrprctalion.One way is to enlarge tot rcducel

part of a Landsal imagc Io lilt" sc;Ik" of lilt' Ill;i|'L

l'his is demonstrated in Figure 2-4. in which a

section of a Landsat scene ¢,,vering Xew York City

,iil,l-Phi',ld, Iphi.t h, ll*v si'l'tllg of I_V7;;, _30044-

5:
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BLACK AND WHITE PHOTOGRAPH

Figure 2-4. Enlargement of part of Landsat scene 30044-15011, band 7, April 1978 to a scale of approximately 1:250,000.

1501 I, band 7: see Figure 2- i I B) has been enlarged
by standard darkroom methods to ca. 1:250.OOO.

_2-IS: Locate this suhscene on the map by

ttshtg the city h_cations attd the river patterns as

guhtes. Comment oJt the changes in image quality
introdttced into this enlargemetlt.

_2-I 0." Estimate the scale of the maxhmtm

enldrgeme/tt you mig]tt achieve photographically.

beyond which "Titzziness'" would severely itatnper
your ohiHt)' to extract ttseyid informatiott.

tion) of and comparisons between intages and maps

that differ in scale by factors of 14 or less. If you
have access to a ZTS-type device, try to register the

band 5 inaage in Figure 2-3 or the band 5 trans-
parency (back pocket) of this same scene (1079-

15131) with the corresponding areas in the AMS

map. The ZTS can be equipped with a 35-mm or a
polaroid camera mounted along the viewing axis to

allow the registered image pair to be photographed)
Since most readers will n_t have a ZTS available, the

photo_aphic results of combining the 1 : 1,000.000

Another way to match a Lands:It image at one

scale with a map at anodler scale is to use an optical
device such as the Zoom Transt_'r Scope (ZTS)

(Figure 2-5:\) manutact,zred by Bausch and Lo:n0.

Inc. The ZTS will permit registration Ist_perposi-

h.Vhen a ZTS or an equivalent device axe'not at hand, a simple way

to fit a Landsat image at one scale to a map at another scale is to

produce a 35-ram slide of the im_e (some distortion will probably

result) and project in a darkened room onto a map mounted on a
_.all. A scale fit is achieved by moving the projector back and
forth,
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BI,AOK AND WHITE PHOTOORIIIIllEI

Figure 2-5A. The Zoom Transfer Scope (ZTS) in use.

color inaage from Figure 2-I with a 1:500,000 AAA

road map, as would be seen looking through the

binocular viewer of the ZTS, are presented here as

Figure 2-5B. At any scale full image dimensions are

equivalent to a scene whose outline is about 185 km

(115 statute miles: 100 nautical miles) on a side.

#2-20: ,4pproximately how many square miles

are enclosed in a Landsat frame ? Square kilometers?

Acres? (.Vote: there are approximatelr 640 acres

in a square mile.)

Effective resolution (at optimutn contrast) of

ground features is about 79 m (255 It) across a

scan line. This resolution is also related to pixel

Figure 2-5B. Photo taken through ZTS showing super-
position and registration of 1:500,000 road map (rephoto-

graphed in white) on October 10, 1972 1:1,000,000
Landsat scene.

size, whicll defends on the instantaneous field of

view (IFOV), detector geometry, sensor optics and

signal sampling rates.: It is almost achievable in

the best computer_enemted images but is poorer

in standard contact prints.

Comparison with Aerial Photos

It will be instructive at this point to gain a

feeling for just how well Landsat represents some

smaller area within its images. Let us look at hi_-,her

resolution (ca. 5 m) aerial photography of an area

in 1079-15131. Examine Figure .-6, reproduced

from a 1:130,000 scale color IR photograph ob-

tained on February 5. 1974, by a camera mounted

on a NASA RB-57 aircraft flown at 17,000 m

(55,000 ft).

-_2-21: Can you locate the area encompassed

hr this aerial photo on any band imaee of 1079-

15/317 Using Orerlay 1 as a base. outline in grease

pencil or trachzg pen the borders of the photo hz

relation to the Landsat scene. Is any part of the

photo not represented hl the Landsat scene? Use

Orerlay 2 to familiari:e yourself with specific

localities common to the photo and the Landsat

image.

2A pLxel lot picture element) is a discrete geometrical represen-
tation in some Ullage display of the averaged radiance (reflected or
emitted) or brightness level sensed from the smallest resolvable
area of the surface (ground) 'under observation. This area usually

corresponds to the IFOV of the sensor. Thus. the size of the ground
:tea as represented by pLxel dimensions is a controlling factor in

:he ;tared resolution of hnages produced float ._.annerobscrva(ioii.
See p 74 for a full discussion of the characteristics of a pi_xel.
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Figure 2-6. High altitude colcr IR aerial photo of Lehigh River area.
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"" .... " (°ira i'ou "Sl,:_t'the towns _'_fSlatin_,ton-

It'ahnttport. l ehighton, and Jim Thorpe (.llauch

(7ntnk ) [set' gthls) - readily sdeH hl the aerial photo

ahmg the Ldtigh River-in the Landsat imaeco'?

II'hh.h town(s) show tip best"

#2-2.",: What features wi;hin the towns.

obriolts on the aerial photo, canllOt be mad:' out hi

tilt" Lalttlsat l't'rsiott __

_-,-,4. What Landsat rendi;ions (ban'ds. color)

art" best ]br ph'kitt,..," out thcse towns?

"" _ _" Can volt find tilt' northern extensionlq-,_°__ ,

of the Pelmsylrallia Tttrnpike on tht' Landsat image

as it rttlls through the hills northeast of Jim 77torpe?

In which hand is the h'n.eest stretch visihle? ll'hy

does the rnatt_,O" appear light ill band 5 and dark

ill band 7?

" " "o" Some smaller drainage channels, such

as the streams #l both Ic,wlamts and hills east and

northeast of Jim 77torpe (atr_und tilt' reservoir).

art" evhh'nt hl the aerial photo. Try to h_cate and

tract' these oil the corresponding area ill the Octo-

htv 10. 1072. (see Figure 2-1)image. Did yott find

the longer of the streams that eventually flow into

the Leh_eh Rirer" The smalh,r ones? Which hand(s)

sitow the drainage hest?

_-2-2 7: ('ompare the agricultuml fiehl patterns

risible in the Landsat itlulgc'S with those in the

aerial photo Kt'et,htg in mind the seasonal influ-

ences hctween the two datcs _Ll'atquL_ithm. distress

hrit'fi.v the .;imilarities attd diJ'ferenccs in evtract-

ahh' itffbrtnathm gbottt these fiehls thmt the two

data sottrces-Landsat and the aerial photo..llahe a

rough lwrcc'ntagc" cstimate o j" the numher of

s,y,aratc Jit'hts that can bc distingttished ill Landsat

relative to the aerial photo.

I_erhaps a better way to asse_ the relative

information conteni in kamlsat and aerial photog-

raphy shoukt invob,'e a comparison of areas within

a lawe metropolitan region contafifing many famil-

iar urban ;lilt] industrial fea!urcs. At this point.

work with b:.lilds 5 :.|lid "7 ill Figures 2-3 or 2-11

and ti_c single photos ill Figures 2-7A gild 2-7B.

and also Figure 2-8. The Fietlre 2-7_, protlucl is ;*.

red band black-and-white photo t scalc 1:10S.300)

*. t. : "

of the Philadelphia environs taken on February 5,

1974. from a NASA U-2 aircratt at an altitude of

ca. 18.000 m (50,900 ft). Locate this scene within

the Landsat image. The Figure 2-7B l',hoto was
lip •

acqtured on March 13, 1973 from a low-altitude

aircraft and is reproduced at a scale of 1:24.000.

Figure 2-8 is a photo enlargement, to approximately

1:80,000. of a small section of 30044-15011,

band 5. Fit the low-altitude aircraft scene into the

U-2 photo and. as well as you can, within the Land-

sat images. Inspectmn of eqiaivaient areas at the

four scales will enable you to appreciate the scales

at which surface objects can be recognized (spotted,

but with insufficient details to be identified_ and.

often, properly identified (i.e. named, or classed).

as well as those objects that cannot be resolved

and:or identified in the smaller scale Landsat

imagery.

#2-2S." Using the numbered landmarks ill Fig-

ure 2-7.-i as a gukle. #ldicate ht the table" on the

facing page your aOil'.tt)' to recognize or identiJ)" ill
-i?.

the 1:1.000.000 or I :SO.O00 Landsat scenes all)" ol"

these landmarks crident in the Figure 2-7.4 and

Figure 2--B photos. Pencil ill a "'+ "" i]'you can pick

out the ,'qtdvah'nt laluhnark in either Lat,dsat

set'ill', d "'--"" i]" .VOlt cgllllOt, and g "':"" i]" )'oil are

llltct'rtailL

#2-2o: .X'otc the dark diJ'Ji_se "'patch"visibh'

in the c,'ntral part of Philadelphia. Find this area in

thc acria! photos. I-xplain its presence. (Hint: form

d men tai t,ictt_rt' of "ro w houses. "')

=_'-30: J:t,ieing front the aerial I,hotos. the

,h'nsity of huihlhlgs ht central Philadell,hia al,pears

sitnihlr in magnitt:de (l,_habi.v greater, though)to

the built-u I, arca in .Vcw Jers¢:v ]ust south of the

Delaware River. l]owel'er, the Landsat coh_r renal-

thins _hJ n,;t displa.v the characteristic bht_" tones

hi milch of this Jcr_c3"shh" an'a. It'hy? (l:.xamine

band 7. in particular. ]brone chte and then conshh'r

the nature of "'_lttl)'hlg'" secth)tls of a large metro-

politan district. )

=2-31: Rcmt'mhering that the Landsat images

it't'rt, takcn from an ort, ihll altitude some 50 to 200

times hi,-hcr than high- or b_t_tltitude acrial photos.

.¢.ttD:tHari-c ill . l_,lTa_taph .l'o/ir "_]lOltgllts Oil lhc

rt'hltil'e in.t;_rmatiott cotttettl o t" the SCl'eral rcn,li-
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tions (Landsat images and photos), hlchlde state- You will work again with the urban features

merits on the effects of scale and resohaiOn, the discernible 1"11tile Philadelphia area as you consider,

t)7ws of infi.,rmation lost in one or the other, the at the end of Activity 5, how a computer-produced

twpression of regetation, water bodies, and cultural classification might be used by the Bureau of the-

featttrcs #t each. attd arty adrantages you might Census in demo_aphic (population) studies.

]bzd for the Landsat images orer the aerial photos. _

Aerial Photo Landmark

( I ) .lhm th of Schuylkill Rirer - 71)

(2) Phi:adelphia International ..lirport (2)

(3) Walt tPhitman Brit(_e (3)

(4) Oil farms along S_ huylkill Rirer (4)

(5) I'etcrans Stadium/JFK Stadhmz ('omph,x (5)

(6) Lake ht Franklin D. Rooserelt Park (6)

(7) Ship wha:res in the Delaware Rirer (7)

(S) Tall huildhtgs in Central (7ty (near Inde-

pendence llall) (C)

(9) Reshlential area near Woodbury (O)

(10) hzterstate 95 along rirer (10)

(11) Rail yards near the Delaware Rirer (l I)

(12) httersection of .Vew Jerso" Turnpike and the

.Vorth-South Freewa.v (htterstate 76) (12)

Landsat hnage

Recognize hl en ti i)"

IMPORTANCE OF RESOLUTION

You huvc now examined in some detail the

same area in one part of the world by means of

images and photos at tilree very different scales

and resolutions obtained from combinations of

aerial and satellite platforms. Let us nex: look at

the effect of going to a larger scale and higher

resolution by employing another sensor from the

same satellite platform. On Landsat-3, the Return

Be:'m Vidicon (RBV, essentiaUy a TV camera) pro-

vides simultaneot,s coverage of the same frame" being

imaged by the MSS. 3 }lowcver, the MSS equivalent

area is imaged by four individual RBV pictures.

Two RBV cameras {A and B/, mounted side by

side, take simultaneous pictures that together cover

the upper left and right quadrants of an MSS scene.

Some I [ s later, the camera pair takes pictures that

3The itI_,V system on I._ndsat-1 and Landsat-2 differs from that on

Landsat-3 in being multispectral and having lt_wer spatial resolution

Isee Appendtx A). Because of an electronic failure soon after launch

,,f I..and_t-I. thi_ RBV system ha_ not been ooerated _ince then on

either spacecraft.

closely coincide with the lower lclt and right quad-

rants of the scene.

Figure 2-9 is a single RBV frame taken on

April 18. 1978 over New York City and nearby

New Jersey. Figure 2-10A is a band 5 rendition of

frame 30044-15011 imaged by Landsat on that

date. The best estimate of equivalent _ound

resolution Ibr standard-processexl Landsat-3 RBV

images is about 30 m.

Carefiflly examine this RBV image of New

York City with a magnifying glass. The crosses

within the image are reseau marks (etched on the

vidicon plate) used in precision geometrical correc-

tion of the RBV data. Fit Overlay I on the full-

scene band 5 image (Figure 2-17A), and then trace

with a grease pencil the approximate boundaries

of the RBV frame.

=2-32." The RBI" frame is pro,h_ced at the

same picture dimensh_ns as the MSS image of t/re

full scene. |V/tat is the corresponding scale oJ'a

sblgle RB I" frame?
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BLACK AND WHITE PHOTO_IRAPH

Fi_lure2-7/,. Highattitudered bandaerialphotoof Philadelphiaenvirons; scale1:108,300.

_-2-33: i"isuall.v compare tile/qB|" imace con-

tent with its ctltm'alent area in the .IISS scene
/'or April IS. 197S [use your traebtg opt Orerlay 1

as a gttfileL Describe app.radditio,al grotmd details
(lltchld#lg ,_tew features now :'tstbie ,)r taentiftabie l

that .VOlt note in rite RBI" scene, relatire to the

MSS subscene, jbr the followh_g geographical
categories {refer to an atlas as neet?ed): {a) Man-

hattan, (b) .Vewark-Jerser City. (c) Lakewood.

.V.Z-Pine Barrens. {d) Lake llopatcong Lrlforri_.

Passalc CountzesL and tel /arm countr), east oi"
Princeton.
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BLACK AND WHITE PHOTOGRAPH

Figure 2-7B. Low altitude panchromatic aerial photo of central Philadelphia; scale 1:24,000.

The RBV's on Landsat-3, unlike those on

Landsat-I and Landsat-2 which used t-dters to pro-

vide multispectral data. integrate light over a spec-

tral range from 0.505 /Jm to 0.750/_m -- approxi-

mately equivalent to panchromatic black-and-white

fihn.

-" 34" Look at both rite RBV frame contain-__° .

iptg .Vew York City and the same area #z the bands

5 and 7 images of the 30044-15011 scene (Fi,_tres

2-10-1 and 2-10B). Ignoring spatial resohtthm dif-

ft're/lces, summarize )'ottr obsetwations abo,tt the

t_'latire merits and disadvantages of panchromatic

,ersus muitib,ma tmager3" /'or a giren scene by cem-

parhtg speci[?c land corer categories such as urban

areas, transportation patterns, and J'armlaltds.
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Figure 2-8. Enlargement of part of /andsat scene 30044-15011, band 5 to a scale of approximately 1:80,000.

MULTITEMPORAL IMAGES

• +

At this point it will bc interesting to look at

three other Landsat scene t, covering the New Jersey

area :it diftk'rcnt times of the )'car. Rot'or to Figures

2-lOB. 2-1 i. and 2-1 " spring, winter, and summer.

band 7 scenes, respectively, and Figure 2-13. a
color composite for the Saline sprillg scctl,.'.

t_O
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4.

C NdO-_,dl_-19 DlllS-il_12 N N4Q-II,d,II_MI-54 R B DXIBI _ 0_50 RIJB _- P-N 1.2 _ _ E-3nDII4-1_ll-9

Figure 2-9. New Jersey scene, April 18, 1978 imaged by Landsat-3 RBV.

#2-35: Compare the area located around

Thorpe as depicted in the color IR aerial photo

._tre 2-6) with the same urea appearing in these

_titemporal Landsat scetws (disregard differ.

t's between color attd black-altd-white rendi-

es). [)o .z'ott wish to//lodi/_v a/t.l" o/your a/tsw_'rs

.) -p
to questions _-___ _ tlzrough _-_ 7. particularly, with

regard to the relative expressions of drainage, agri-

culture, atzd towns itsthese scettes?

...I.'1-_-_ 6: IVhich Landsat scene (b _"ID arm date)

hest displa.rs the geological am/ tol_ogral_hical

(_I

I

i

i

i

i

ID

--'-7_'-

1
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BLACK AND WHITE PHOTOGRARH

I N83_- 3e I,B'/5-3B I 1_'/5-8e I ,._ ",4.._e_
18RP_7_ C N_-I I,d_7'=-.5 ,= D1_15-832 N N_ o)1,,'1,_7a-54 I'I 5 O SUN ELS_ RI3_ SIS- P-_l L2 NP$_ _,_NL'._" _ 3[_,=a. '5_11-5

Figure 2-10A. April 18, 1978 scene, band 5, taken by Landsal-3 MSS.

.l('a//ircs ob._crrcd il! lit(' a('ridl pJlt)/o.' I _'Sllmillk'

lJhll I/leFC _lr(' .,1o st('ro) pairs, do ally of/he/.d//dSdl

._<'cncs _/" the <tcrhtl ph_to ,/p/war to Iwtter describe

the tc/im_r t¢_[_).eraphi(_ll irrcetthtritics it: the r_tih'ys

hctwt't'tt tt:t' ritlk,¢'s.' l¢'h(tt ]itctod.s') itt.lltt¢'ttcV tht"

impn)red expressh_tt of tltt,se irregularities?

---2-.¢ 7,: l¢'hc,tt tht, f(Jttr tt'mporal set'ties (l"cb-

rttar.t l _ 7._ [_t ihit-_ ]..-Ipril 19 7S /:;prinel..lit:It'

1q77 /sttmmcr/, and October 1q72 /.QII/) (trt'
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4.,

,_',_'39-39 ue_-2eJ ge75-eel ' .
IBRPR?B : 't4@-Il,'t._la7a-_r'_De15-032 'w"w_e- 11,'[.1074-5A rl ? D ,SUNELS_ Rl3e SIS- P-N _ ",_':_' .

Figure 2-IOB. April 18, 1978 scene, band 7.

compared ,_vcrall..r;)r the same hand 7, thc ,liffer-

¢'/1('c's drc striki//g. (','dtural ch,m_cs m_ douht rw('ttr.

hut ¢_thcr fdctor.v ,zcomnt fi_r most of the d(l.'f'er-

_'t;('t's. lf_,ttIj(_/t g/t.rc'_ ".'itc't(ws'.

=_'-SS: "' ""( tl()_;._t d/It' (]lr('t" K///L_'('t'H('S It'#hill

tile Vow Jersey fall scene-l,ick tllcse areas to be at

h'ast 255 knt 2 (100 square nliles} in area. Outline.

with key words, notahh' differences (at h'ast

thrct') .win ohsera'c in the same (eqttirah'nt, t stth-

s'cct/e wit�tin ea¢'lt oJ" tlle otller tenlpt_ral images

( wi// ter, .v_ring. st/ mn/t'r).

(_3
..j--
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t _'_76- _ ,_ +'5- 3_ I u_75- _;_I ;N039- 2i_
I3_EB7$ C N4_'23,'i,1_75-t_13 N N40-21,'1._74"5 '2 '_$ 7 D SUN EL29 a_Zla5 t91-2_57.N- ",+:" ',"" - "

Figure 2-1 1. New Jersey scene acquired by Landsat-1 on February 13, 1973, band 7.

.'t_5- _5135-7 _2

THE CLOUD FACTOR

lhcs¢ tuuttk!;+t¢ ima+:c:; :rod, t-+r that n;:tttcr.

most other t.+mds:_l illl;.igcs ii1 Ibis workbook were

chosen I+cc:msc o1" their i-_hoto,._,r:tl+hic qtmlitv.

+ll['Orlll;.lliO!t colltO,lt :llltl C[Otl_l-l'rL.',_' +t:_.t_lS If Ore,"

has never I+rows,..d throu,_'h a stack of Lamlsat

image.,, produced as routine OUlpUt b v the N:x, SA



BLACK ARD 'v',/,-_lT_ ,'r.'.,',.-,:. .......

_76- 0_ _8,75 - 3_
!IJUN7_ 7_N'ag- Ig/l..Ig7a-51 DglS-g32 N N40-11."1407a-5 a _1

_0"5 - _g I k_gTa- 30,
7 D SL_NEL59 R115 S,S- P-N k'. NRSR LQNDSQT E-3gggg- 5g_3-7

Figure 2-12. View of New Jersey, band 7, taken by Landsat-3 on June 11, 1973.

IPF, the impression given in this workbook, in

Mission to Earth. and in other publications featuring

Landsat. is that either most scenes arc taken only

on clear days or ti_ere has Deen a remarkable world-

wide improvement in climate such that a t.vpical

Arizona day is now the norm. Your common sense

tells you that the latter conch, sion is false. Famil-

iarity with IPF products discounts the Ibrmer

observation: the majority of Landsat scenes are in

fact compromised by extensive cloud cover, even

though the spacecraft sen_rs are fretttt,:ntly not

turned on over regions outside the llnitcd States
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4t .

Figure 2-13. Falsecolor compositemade from bands4, 5, and 7 of April 18, 1978 Landsat-3images.

when weather forecasts are obviously unfavorable.

What is the likelihood of getting a cloud-free

O_ere defined as 10 percent or less of surface-ob-

scuring cloudsl Landsat image? That. of course.
depends on location, time of year (fall and winter

are generally best in much of the United States).

time of day (in summer, mornings are better because

of thermal convection buildup by afternoon), and
luck. Various studies based on chmatological data

for given regions, viewing experience with Nimbus

and other meteorological satellites, and now Land-

sat itself, have led to charts and maps that quanti-

(_ (_



ORIGINAL F_.GE IS

OF POOR QUALITY

tatively assess or predict likelihood of cloud cover
on a seasonal basis.

A recent study made at the Jet Propulsion

Laboratory in California inserts data from several
sources to generate a percentage probability map

(Figure 2-14) by which one can estimate the chances

of a clear look (0 to 10 percent cloud cover) on any

given pass. As expected, the maximum likelihood
region centers in the desert southwest, where two of

every five passes (40"percent):result in a nearly
cloud-free scene. Least likely regions are the Pacific

and Gulf Coast zones and parts of the coastal and

inland northeast.

#2-39: Look at Figure 2-14 to locate your

town and/or any regions of tile United States for

which your organization has operational activities.
Estimate the number of times per year (on average)

that you might expect to obtain essentially cloud-
free (less than 10 percent cloud) Landsat images

from a single Landsat spacecraft;from two Landsats

orbiting over the same area on a 9-day time separa-
tion from one another.

IMAGE VARIABILITY FROM PROCESSING

Now that you have some feeling for the

characteristics of each band and the appearance of

major ground features in these bands, we shall
consider the relative variations in extractable infor-

mation due to differences in the processing leading
to the photo negative and in the quality of photo

reproduction. First, we shall compare two rendi-

tions of the New Jersey scene made under differ-
ent conditions. Switch back and forth between the

bands 5 and 7 images in Figures 2-3 and 2-15.
Examine details with a magnifying glass.

Figure 2-15A and B are standard products

Figure2-14. Percentprobabilityof 0 to 10 percentcloudcoverfor any overflight(basedon EDC Landsatstatistics).
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available t'rorn most tZ,deral outlets and private

supplier3. The images used here were ordered rou-
tinely from the Goddard IPF and are typical of

the product received by the Landsat user community
before 1970. ¢ Generally. this product is made t'rom
third, or even fourth ,__'cncration ne,.z,atives. In this

41n 1979 the EROS Data Center became the sole supplier of Landsat

data acquh'ed by United States receiving stations. All imagery for

scenes obtained after February 1. 1979. are produced from the

EDIPS processing routine which significantly enhances visual

quality Isee Fi,gure 4-3 for an EDIPS example).

O8
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I

Figure2-15B. Standard band 7 rendition.

example, the paper print was produced by the
Goddard Image Processing Facility. using a third

generation negalive and a flat finish. The gray
scale at tl_e bottom shows low contrast but follows

the density step rel_,tions that ¢onespond to the

radiometric intensity differences sensed by the

MSS on Landsat. In other words, the changes in
the gray level over most of the density range should

effectively represent the changes in bri,2-fl]tness
values or radiances measured by the scanner sensors.

The Figure 2-3 images, which we looked at

earlier to form a first impression of the appearance

09



of theEarth as seen in tile tour Landsat MSS bands.

were printed in the Still Photography Laboratory

at tile Goddard Space Flight Center in an eftbrt to
get a near-optinmm rendition. A special dark nega-

tive supplied b) tile Goddard IPF was used. Expo-
sure times, paper types, and developing conditions
were varied empirically to obtain a high contrast

(derived l¥om tile slope ['),] of the density/exposure

time curve) print.

#2-40: Compare the ban,l 5 and 7 images of
the tu'a renditions (FL_ures 2-3 and 2-13: Look at
each in toto attd again at eqldrah'nt spots you

sch'ct. _:vamine also the .era3" scah" strips at the

bottom of each rendition. Which rendition seems

sharper attd appears to ¢otttah! more readily acces-
sibh" #t]'ormation ?

#2-4 I." Which do you think may be more im-

portant bt determinhtg image quality: the parth'ular
generation of negative used to make the print, or

the contrast (range of densities or gray shades)?

-.,=-4_. ll'e hare inchtded a transparem')" vet-

shin of the band .¢ il_utgt" from Fieltre 2-3 in flle

back pocket o/" this workbook, lf )'olt hare access

to a light tabh" (or just a brLt, ht lamp), go over this

tran.sparency, once again b)okhtg a.r the eqttirsit'llt

sp¢;tS Fit'ked out in __-4(. ll'hieh prodttct trt_e

st't'ttrs sltperior in quality and ex'D'aetabil#.v of in-
fi_rtnation: print or transparenc.v.' Try to thhtk of
tile reason.

#2-43: llow do you rate this computer ver-

sion with respect to the standard EBR-produced
#nages shown in Figures 2-3 and 2-13 ?

In Activity 5 you will learn much more about the
benefits of computer processing to improve image

quality.

It is becoming obvious from the above com-
parisons that the information content in a Landsat

photo product is strongly dependent on the ap-

proach and care taken in photo processing. The

nature of the input (tbr instance, the method used
in producing the negative) is also a vRal factor.

Experience also shows that false color rendi-

tions of Landsat images will show a wider variability

depending again on both input and processing
techniques, s The specific color processing systera

used by a particular photo lab is usually both
critical and distinctive. Usually, a color product

may be identified with tile source (producer) by
its characteristic color balance (relative contri-

bution of reds. blues, etc.). Obviously, some ver-
sions are better, more informative and/or more

pleasing to the eye than others. We can test this

conclusion by comparing three color versions of

tile New lersey scene. You have already seen one
(Figure 2-1) that was prepared by a commercial

photo lab /General Electric Space Sciences. Inc..

Beltsville, Md). Figure 2-17 is a typical color prod-

uct made at Goddard's IPF. Figure 2-iS is the

color version prepared by IBM frc)m its computer-
enhanced transparencies of bands 4.5. and 7 of the
same October 1972 scene.

Now. consider both images in Figure 2-16A and B.

These are prints of bands 5 and 7 of tile October
1972 New Jersey scene made from a first__'enera-

lion negative derived (tom a computer-enhanced
version produced by Dr. Ralph Bernstcin of the

IBM Corporation at GaithersbuEz.._d. Preparation
of this computer version involved , _'ometricai and

radiomctric corrections, destripin_ _retluction of
scan line diflL'rences due to variations in response

of the detectorsL and band pass filte_ng (Activity

5 and Appendix B). Tile effect is to "'clean up"
the image by sharpening the boundaries and giving

a clearer rendering of subtle shadings of gray tones

(i_l effect, a broadening of the contrast range).

_2-44" Sunlmari'_e your hnpressions of the
rehttire qualitl" and useJithtess of these two color
rersions.

dd.'_ -._-_-4._. For a typical summer scene in the

cast,'rn United States. what characteristic(s) oJ'a
Landsat coh_ image would you conclude to be

most detrimentu! to effecth'e hlterpretation?

5The manner in whirl f'al_ color ,._mpocile images are made from

{nd:vidua! blzck,and-_.hit¢ band_ aJ_l ih_: Jssot'iaLiun of wecific

¢oh_rs wi_h correl-'_live ,-_ound ft'_lures are ¢orlxidered in Activity

I (p. 91 - 98).
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THE THERMAL BAND

Landsat-3, latmched ill March 1978, was tile

first Eartll resources satellite to carry a sensor that
operates in tile thernlal (emitted) IR. (See pp27 to

28 tbr a review of some basic concepts of interpret-
ing data acquired in the thermal infrared.) The
multispectral scanner differs t'rom those on the

first two Landsats in having a fifth, chan.nel (band 8)
designed to sense heat effects in tile 10.4 to 12.6

/am region of the electromagnetic spectrum. The
detectors for this channel are capable of sensing a

temperature difference (NEAT)of 1.5°K within a
response range of 260 t.o 340°K. 6 The IFOV and

signal sampling rates provide an effective resolution

of 240 m t790 ft). NormaUy. the thermal sensor

acquires daytime data during the local mid-morning
?asses but can also be activated on the nighttime
side of each orbit.

The thernlal channel on Landsat-3 experienced
difficulties soon alter launch. One of the two de-
tectors failed within a few months and the second

detector degraded to a thermal sensitivity of ±3°K.

For later data. alternate missing lines were filled
in with repeats of adjacent lines: this is compar-

able to itlcreasing pixel size to 240 m X 480 m.

In spite of these problems, some useful ther-
mal data have been collected and arc still under-

going analysis and appraisal. Figure 2-19 is an excel-
lent example of the type of thernml imagery pro-

duced by band 8. The area imaged is the _me April

18. IO78. scene sho,,_n in Figures 2-10A and 2-lOB.
Overall. this image shows noticeable differ-

ences in relation to the reflected light images
formed I'ronl bands 4 to 7 of the MSS. but there

are some aspects thai appear similar. In the thermal

image, the ,'oolest .,t, rlaces arc depicted as dark

gray or blackish tones, whereas the warmest sur-
faces appear as li,'.fllt gray tones. Note that the gray
scale at the bottom is reversed relative to the scale

on MSS images, with the densest step on the left

representing tile lowest temperatures :lnd SIlcces-
sively lighter steps to the right representing pro-

grcssively higher temperatures. There are tburteen
steps ill this rendition that can re-,dily be distin.-

guished by c,,e. Actual temi,crature values arc not
yet available for these steps a.':.! would re.l.""

processing of calibration data.

Althottgh the image shown in Figure 2-10 is

photographically "'flat" compared with tile other

MSS bands (eventually, co_nputer processing will
be able to increase or expand the tonal contrast

and hence highlight subtle differences), it is still

possible to reco_fize some of the major land and
ocean features by their distinctive thermal charac-
teristics.

__-46. Compare the lbllowing features ai-
read.r hh'mi]h,d ht 1079-15131 H:igure 2-3) with

their equirah'nt areas on the thermal hnage, hldi-

cate for each its appnJxhnate gray h'rel with respect

to the ehJsest step dt'nsiO' shown at the bottom of
the thermal image (number the disthrguishabh"

steps ]'rotn 1 through 10 gohlg from h'ft /darkest]
to right).

a. ,Vew York C70"

b. Philadelphia

c. Lake lhJpatcong
d. Pim' Barrens

e. Pocono Mountabts

f Bamegat Bay
g. Delaware River

h. Offshore clouds

hz general, what are the cooh, st features in the ther-
mal set,he. "_Tilt, warlzlegt?

Like tile reflectance data. the thermal channel

data are acquired in the di#tal mode. However.

very few of the data were converted to computer

compatible tapes so that o,lly a few examples of
reprocessing are availab!e. One of tile best so far
appears in Figure 2-lOB. This ni_at scene. "7 -qso
sensed on April 18. 1078. is the next frame to the

north of that sho_vn in Figure 2-19A. Computer

processing consists of enhancement by a contrast

stretch ¢.p. 433j which broadens the narrow range
of gray levels (initially 90 percent of the six bit

thermal data is spt'ead over 0 quantized levels rep-
resenting an estimated temperature range of 15°C)
by a factor of two. Figures 2-20A and 2-20B

depi,-t one computer-processed subs,:ene (equiva-
lent to about 42 km [26 milesl across the base)

6K refers to dt.'grees in Kchm units (K -- "C + 273).

7This scene is dcscrib,..d N" 1. Price. ?Tie Cont,lht_:ion o1 ?Twrmal

Data in Ldn,lsat .Ihdtlspcc:ral CTassifit'alion. Photogtam. Engnr.

and Remote Sensing. V. XLVII. no. 2. Feb. 198 I. pp. 229-236.
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Figure 2-16A. Coml_uter-proces_ed band 5 image of October 10, 1972 New York - New Jersey - Pennsylvania - Delaware
Landsat scene.
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Figure 2-16B. Computer-processed band 7 image (18M).

_3



'_OCT_2 C _;_'IO/W_?a-51 N _O-q?IweTa-ae ,'SS _ SUN EL30 _Z _a _91-11_e-N- -N-D-2L NRSR ERTS E-1_79-15;3)-= ?2

Figure 2-17. October 10, 1972 Landsat-1 image in st_nda.d false color version (letters relate tu Table 3-3).

around Baltimorv. Md., just south of tl:e tiarris-

barg study area. The upper print (A) is a band 8
black-and-_hitc h'n,g_ con;tr, lcted from :he ther-

mal da:a. The light tones coincide with the more

poptdated areas of Bal'timore, where heat from
l_uildings. _p;irse vegetation, concrete and asohalt

surfaces, and restricted patterns of air circulation
combine to produce the typical Urban lteat Island

effect. 1"o produce the lower print (B). every
240-m pixel along each scan line was subdivided

into nine identical 80 m units so that each unit is

repeated three times in both column and row direc-

--k
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Figure 2-19A. Thermal IR image of New York - Philadelphia region taken by Landsat-3 (band 8) on April 18, 1978.
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tions. The subdivided thermal band pixels have

been combined with reflectances from bands 5 and 7

to register corresponding pixe;s (all now at 80 m).

The color composite in Figure 2-20B rises this band-
filter combination: band 5 - blue. band 7 - green,

and band 8 - red. Thus, warm areas through much

of central Baltimore and at the Sparrows Point

industrial (steel) complex stand out as prominent
red tones. Actual temperature values corresponding

to the gray levels in the band 8 image have not
been calculated.

"" -_..... ,
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Figure2-19B. Band8 thermal IR imaqe,contrast-stretchedby a factor of 2, showingthe HudsonValley, CatskillandPocono
Mountains northwest of New York City; April 18, 1978.

o .
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LANDSAT MOSAICS

Tile ability of L md_t images to be combined
in mosaics is a useful asset: its value will be denton-
strated in tiffs section. Take the series of stapled

images marked "'mosaic" included in the pocket at
the back of this workbook. Tear out the first two

images (1070-15131 and 1080-15185 ). T_" fitting
the left (west _, ,na_in of 1070-15131 to the

eqt|ivalen: area boumta_' witltm 10SO- 151 St. This
is made easier by trimming off the white border of
the left side of I07m1._131. Then. by linin,-' u!,

equivalent patterns along the tie line between the

pair of images, make as precise a join as practical.
anti affix the two prints with clear tape. By doing

this you shc.uld get a feel for approximately where

the overlapping subareas are in each scene.

=2-47: /low well can you 17t or tie together
the two ima.ees? What are the maximttm joining

t'rrors (ill lt'rttt.q o]" mt//imeter.$ or ftaclh)tt5 r)J"a/t

i, rch ) jhmg the fit line i.t')'ou place the same points
( _,)lHt" ,)hl'iOus eOltltl'i¢'_ltfeature) itt the two imaees

t'Vdctl'r h_,.'cther at or near the mid-l,otnt ,_]"the
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Figure 2-20A. Computer-processed band 8 image of Landsat April 18, 1978

subscene around Baltimore, Md.

78

Figure 2-20B. Color composite of Baltimore subscene using bands 5 (blue),

7 (greenl, and 8 (red).



left mdr_in? (�lint: h_ok for other prominent fea-

tures extending across the fit line.) Where do the

largest displacements occur along the /oin fine

relatire to this mid.t_ojtlt ?

#_-.4',s. Next. try a similar rough fit of band

7 images of a secoml copy of 1079-15131 and of

1350-15100. found in the mosaic sequence. Do

no___ttape together. Briefl.l_.discuss any fitting prob-

lems you mighf ('tteotttlter and eompare the

mosaic "'quality" of this pairing relative to tile

b_in ma,h' above. Gift; reasons for diy_erenees in

quality. Also. explain wh.v adjacent Landsat images

acquired at whle(v se;_arated tittles (dates) still fit

together so well. (llint." consider both the viewing

geometr.l" of Landsat in orbit attd corrections ap-

pKed in pn_cessing. )

One of the more renlarkable properties of Landsat

images is this ability to be joined together to form

mosaics that can extend over vast regions (sub-

continental or even broaderL The famous black-

and-white (Sod ('onservatjon Service} and color

(National Geographic Society) mosaics of tile

contigt|ot|s forty-eight United States are perh:lps

the best known examples.

.M-•
__-49. Detach the additional blaek-an_bwhite

prhtts lbund #t the mosaic package. Note that the

rema#thtg ones are all ]h)m the two orbital paths

of October I0 and 11, I q 7Z Buihlhlg up ]h_m tile

first pair of images (same dates) )'ou hare already

johw,l, consmwt an e(¢,ht-J'rame mosaic lh_ttt the

other six. ll'hat problems arc" likely to make pro-

dltetiotl of stteh mosaics m_mewhat diJ'JTcult ?

#2-50" What mL_ht be chine to reduce these

ptr_bh, ms?

#2-51." .Is all optional exercise, hwate this

mosak" ht terms of its geographical boundaries (use

an atlas or a small-scah, map). l(xamitle rarhnts

terrahl and cultural features that )'oct hlentifv in

the mosaic and describe (hi your mind)their charac-

teristics and any use/id in]brmathm tho" com'O' to

)'oct.

#2-52: .Ih'tttiotl sereral practical ttses of re-

glottal small-scale tttosa&w.

• STEREO VIEWING

Irin:flly. we _,hall ¢onyider some of the stereo

et'tk'cts that can bc observed it_ Landsat imagery.

Complete this section only if you have access to a

stereoscope (or have developed the knack of seeing

in stereovision with the unaided eyes). Sonic know-

ledge of the principics of stcreo._opy is desirable-

see references in Appertdix G.

RelllOVe the se¢Olltl copy of the 1080-15185

print fronl the mosaic ;_ack:lge and arrange it side

by side with the still detached second copy of

1070-15131 at the appropriate separation /'or

stereo viewing. Observe the overlap area visible in

stereo.

#2-5.¢: lsqtat fraction (as a percentage of the

total) of :he ad]_ct'ttt Fairs comm:)n to both can

been .wen it; stereo? lh_w does this eotnl'are with

t.vpical aertal photos? Tltis fraction varies from

about 10 percent at the t-quator to N5 percent at

SO ° latitude /or Lamlsat data. Wh)" does this

change? Describe the three-dimensional representa-

th)n of tot:ogral_hY in the Landsat stereo l'erstotl

rel, tti:'e to .your t'xpt'rit'Hct" with aerial pLoto stereo

vershms. (.Vote that the base to he(t:ht [B/l[/rath_

for Lattdsat stereo is about 0.2 hen'. compared wit]!

1. O in t)'pical h_w-altitmh' aerial photos. )

The stereo eft\'ct you have just witnessed is

produced essentially in the conventional manner,

in that the pair is :|e,lt|ired along adjacent flight

lines (or orbits for satellites}. This takes advantage

of t_,e parallax principle, in which equivalent points

in the two images are viewed from different (and

opposing} look angles. There is an alternative way

in which a pseudo-stereo effect nlay be achieved

with Landsat images. This is done by examining

approximately cqnivalent _'enes obtained along

about the same (rather tharl adjacent) orbital path

or track at si_maificantly different times of the year

(as for example, sumnler and winter: not necessarily

the same year). This technique has been termed

"'solar stereo" by V.C. Miller. s To experience this

8Miller, V.C., ._lar Ster,'o l.andsat lmacery ITC Journal. No. I.

1978, pp. 158-166.
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type of stereo viewing, use the unattached band 7

• images for scenes 1070-15131 and t350-15190
taken from the mosaic package. Align them as

though they were a stereo pair-with a proper
lateral separation of equivalent segments-and look

at them under a stereoscope.

.dd-_ " °,__-._4. Describe your observations and com-

pare the stereo effect for this arrangenwnt with the
prerious results from adjacent pairs.

#2-55: Can yoti explain tile cause of this

_olar stereo effect? (llint: which factods) change

appreciably with seasons?)

.__-._6. Suggest several ways in which riewing
a Landsat image in stereo can assist ht extracting

and interpreting information contained in the
scelle.

#__. _7... If .volt were to dt'sigll a Stcreosat (a

satellite system ilow tntder consideration J'or Jlight

at the 1980'sL whJI parw.m'_te._., wouM you choose
to modil), Jhmz those of Landsat-to optimize the
stereo viewing? (Skip tills question if you are gen-

erally unfamiliar with stereoscopy.)

It is also possible to produce a stereo image

pair from a single Landsat image by using topo-
_aplfic map data to calculate the amount of paral-
lax shift to be applied to each pixel. This is conven-

iently done through a computer process, as de-
scribed on p.292.An example of such a stereo pair

is included in the back pocket of this workbook.
At this stage, you should have a reasonable

understanding of the nature and general character-
istics of Landsat images and should appreciate the

variety of ways in which they can be manipulated.
In the next activity we shall consider the multi-

spectral aspects of Landsat images, a special attri-
bute that makes it easier to extract information

about pattern identities, hence improving the abili-

ty to classify and map the features they represent.

SO
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ACTIVITY 3

SOME SPECTRAL
AND SPATIAL

CHARACTERISTICS
OF LANDSAT DATA

• %

LEARNING OBJECTIVES:

• Gain some #zsight into the way in which the Landsat MSS produces multispectral data.

• Have some understandhtg of what a "'pixel" means in a Landsat image or data set. Know the implica-
tions of the term "'mixed pivel. "

• Become familiar with the concept of spectral signatures.

• Be abh' to derire a simple signature Jbr a class or feature by analysis of the four band images.

• Undcrstand the production of false color composites.

• Appreciate the use of color additive techniques.

• Be acquainted with the preparation ofDia'.o hnages.

• Learn how to make quick visual identifications of major land cover types by their characteristic gray
tones or colors in Landsat images.

..ei._..,._i phctocraPhY _t_ _*z i,u.: ,_;a_'-'-'_''-

:rza EROS Da_a Center
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THE MULTISPECTRAL SCANNER

To fully appreciate the advantages of multi-
spectral remote sensing techniques, you should

consider first the performance of the multispectral
scanner (MSS) and tllen the nature of the pixels

that are produced by this sensor.
The Landsat MSS functions as a multiband

spectroradiometer rather'than as a spectrometer. In
other words, it measures reflected radiances

lactually time-dependent energy received, or
power) in four discrete wavelength intervals
Ibands). t Continuous radiation is diverted b$: a

beam splitter in the optical train through four fixed

interlk'rence filters onto an array of six detectors
for each waveband. 2 Variations of intensity with

wavelength within the intervals arc averaged over

each band. The average radiances (or power)

integrated within each band may be plotted as bars
in a histogram (see Figure 6-17). For each band the

radiances received at the MSS detectors _ve rise to

a range of analog outputs (in volts) proportional to

radiances emanating from each discrete area of the

ground and modified by the atmosphere. The

radiances from each area make up one data point

in each band. represented by a pixel as the video
signal is sampled and commutates once eyeD" 9.95

ms. To improve the signal-to-noise (S/N) ratio in
bands 4, 5, and 6. the signals are compressed on

board by using quasi-logarithmic amplifiers. The
video signals are di_tized and then multiplexed on
board into a pulse amplitude-modulated stream

:hat is then transmitted to the _ound as wideband

video signals. The video amplitudes are expressed
by digital numbers (DN) in a 6-bit code (26) rang-
ing from 0 for no detected radiance to 63 for maxi-

nmm radiance. In _ound processing, the DN's

from bands 4. 5. and 6 (photomultiplier detectors)
are decompressed to a range of 0 to 127 (27). but

the upper DN limit for band 7 (silicon photodioxide

detectors) is kept at 63. since its S/N is best matched
by linear quantization.

PIXELS

Next. we shall investigate the nature of a

pixel-the fimdamental data point making up a
Landsat image. 3 The concept o( pixel is basic to
one's understanding of this imagery. The term pLvel

is a contraction for picture dement. 111the general
sense, an image is an (idealized) representation of
any real scene, formed from a regular (two-dimen-

sional in X-Y space) arrangement or array of picture
elements. Each picture element corresponds to an

equivalent finite area in the scene. In turn, the

ground area represented by the pixel is related to
the effective resolution of the sensor system. The

size of this ground segment is determined by the
instantaneous field of view (IFOV) established by

the sensor optics (mainly the local length of the

telescope lens and the optical fiber dimensions).

but its final shape may be further modified by the
electronic sampling rate of the video signals from

the detectors. Some varying parameter (such as
radiance) within each area in the scene array is

recorded as a changing magnttude (vectorial) in

the third or Z-direction within the image array.

This parameter is usually wavelength-dependent

brightness or spectroradiance. An X-Y image is
produced by expressing one or more Z-parameters
in a correct array as alphanumeric characters in a

printout map or by converting Z-values into vari-

IA t'ffth band (8), only on the Landsat-3 MSS, senses just emitted

thermal energy over a 10.4-12.6 tam wavelength interval. This band

failed shortly alter launch and is not considered again in this

activity. All references therein to radiance and energy imply the

ret_e_e ,egion.

2The 24 detectors for the .I. reflectance bands normally opera:e in a

low gain mode. that is to say, they respond to maximum radiances
from 1.76 mW cm -2 st "! for band 6 to 4.60 mW cm "2 s_"1 for band

7. Some surfaces, such as water and dark rock, produce low radi-

aoces so that small (but often significant) variations may be hard

to differentiate. For this condition, bands 4 and 5 may be placed

in a high gain mode tactivated by ground command_ which uses

the large dynamic range of the detecton and allow; signal amplifi-

cation by a factor of 3.

31:ot a good technical review of the nature of a Landsat pLxcl, see

_:. C,orden, Jz., 77,L 7",',,_t-space Relat/on$1ttp$ o] the Data Pobzt$

Pixt'l$) of the Thematic .llappt'r at,M .llultispectral Scanner. or

•"Tit,., M.vth o]Sinmltaneity.'" NASA Tech. Papet 1715, 1980.
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able signals used by ;i fihn recorder to produce a
photograph. In a photograph, the pixels are defined

by dusters Iwidl nonprecise boundaries_ of varying
densities of developed silver grains, all activated

durillg fihn exposure. These density variations are
usually recognized as gray levels tor relate to dif
ferent colors in color film).

In a Landsat MSS image, the pixels are estab-

lished seqt,entially along each scan line during scan-

ning of the scene. For Landsat. each sharply

bounded pixel records the radiances that emanate
from a 70 m X 7_) m d,squgre) area on the _ound.

Because of tile particular rate or interval ill which

video signals produced by incoming radiatioo are

salnpled along egci| scan line. each Landsat MSS

pixel has el'l\-ctiv¢ _ound dimensions of 70 m X
5_ Ill. Since the IFOV is 7O m wide. adjacent pixels

overlap, btnt the ¢orlltllon practice is to ignore this

ow'rlap and consider .i pixel ;Is 50 xn wide. The pixel
in this case is therefore a rectangle with an area of

4424 m z. but contains radiation inputs from an

a,:tual _ound area of 6241 m". as determi,led by

the 70 m X 79 Ill IFOV of the scanner. Any pixel
can be retrieved and modified (reshaped) by appro-

priate computer processing.
A two-dimensional array is built up from all

pixels in every, single MSS scan line and those in
each successive line. 4 Since these pixels are arranged

in their proper relative positions with respect to

the corresponding surface locations (usually

through subsequent geometrical correctionsL the
result is a geographically accurate portrayal of that

surface. Any given pixel is composed of _ntegrated

single values of rel'lectance collected from all the
various rellecting objects, including clouds, within

that se,.mlent of the surface encompassed in the

IFOV. Tile array of DN's may be used to generate
either an array of points (squares or rectangles) of

different _ay tones to produce a photo image, or
an array of numbers in a printout map.

Mixed Pixels

The averaging of rgdi:mces from the different

objects within each IFOV gives rise to the concept

of mixed pixels. 1-here :ire two contexts in which
the effects of mixed pixels must be considered.

Consider first the itna_ng of such gross stir-
face Ik'atures as are shown in the typical rural set-

ring of Figure 3-1. Fach alined class 5 is more or less

hotnogeneotls gild SOllle are larger than the sensor

IFOV. if each resulting pixcl happens to lie com-

pletely within, or forttnitotxsly coincides with. the
boundaries of a gixcn class, then the brightness

value (intensit.x I and its representative digital nunt-
bet for that pixel will be a single "'pure" value

ch:lracteristic of the b,ind spectral properties of

the donlinant object making tip that surface (for

exalnple, water body. barren soil. rock outcrop.
dense forest stgndL ilowever, it is more likely thai

the pixel will straddle or cut across several class or
feature botxTltlaries. Owing to their natural sizes.

tlistribution, and disersit.v, otle might expect that

parts of surfaces containi;lg more than one class
may be included in :l pixel. The resuhing bright-
hess value is then a coluposite or weighted average

of the spectral response from each. according to its

proportlo,a in the IFOV. Therefore. recognition ol

each Ik,ature or class becomes difficult, since there

are two primary unknowns to account for-the

identity of each class and its relative contribution.
Various matllematical methods have been devised

to solve for these unknowns, th. : is to say, to
extract information about the inclividual clJsses

contributing to the composite brightness vahxe,

but the problem remains complex. One sintple im-
provement is to reduce pixel size (increase resolu-
tion) so that more pixels tend to fall within a Wen
class or feature and fewer tend to cross boundaries.

Now consider an even more realistic case for
Landsat. Within most 7q m X 79 m IFOV's the stir-

face is likely to include many objects. Thus. one

pixel may inchlde soil. scattered rock outcrops, a

streaan, patches of grass, trees, a road. and a small
house. The illttltibatld brightness values _and their

4pL\cls _Ithm a line a_c commonly called _amph's or clctrwnts. Tile

t'_.'odlmens_nal atta_, then. consists of n lines I,top to bottom)

and s sa,"nplcs per hie Llcl_ to tight).

5Rcmcmi_-_ that .I class m,J._ tse .l¢_*:rlbcd b_ its ch_act¢l'istics or

fcatun.'s, but feJlures ma_, also be plO'sh.'al cnt_tlcs such as the

trees. ,,,._tl_. and rocks, making up tile v,-oodcd liege in I-_ure 3-1.
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Y ==YARD 3; 40

Figure 3-1. Hypothetical surface with typical land cover categories (classedby percent reflectances
for two bands); random pixel array.

DN's) for this scene are therefore not indicative of
any individual objects, unless one object tends to
dominate.

In some special cases, we can make a more
specific deduction of the nature of the object con-
tent in a given pixei. Identification of different
crops is a good example. Plots of spectroradiances
from several vegetable or grain types are generally
very similar--essentially because of comparable
contributions of chlorophyll absorption and cell-
ular reflectance from the plant fibers. In cultivated
fields, the shapes, sizes (both inherent and stage of
growth), and spacing (affecting the relative propor-
tion of soil and canopy or leaf area) of the different
crop types become critical variables that greatly
exceed the minor spectral variations. Thus, by
combining knowledge of planting practices and the
crop calendar, most major crop types can be separ-
ated and individually identified (usually. with 75
percent to 98 percent accuracy depending on crop
characteristics, field sizes, number of observations.
etc.).

The reason that we can classify and interpret
Landsat images with reasonable accuracy is simply,
as implied earlier, that we ¢,efine our classes to be

broad (large) enough to be grouped into distinct
spectral and spatial patterns on a smaller scale
regional (synoptic) basis. These are the so-called
first and (some) second level categories that make
up the land cover classifications devised by geog-
raphers (see p. 182). Thus, at Landsat resolution
we can spot forests but not individual trees, cities
but not houses and factories, iandforms but often
not exposed stratigraph:'c units, and field crops
but not individual plantings. To recognize the
smaller objects, we must use higher resolution scan-

nets, preferably on aircraft platforms. The key rule
in optimizing classification is simply to choose a
resolution that approximates the sizes ofthe smallest
specific classes whose identities are being sought.

#3-1: Are there an), "pure"pixels in Figure
3-1? Name the features./s this feature really pure ?
lf not, why does it act as pure. i.e., have a charac-
teristic set of spectroradiances that could be used
to identify it as a distinct feature?
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#3-2: Calculate the approximate percentage

reIlectances ill bands 5 and 7for the pb:els labeled

1. 2. 3. (Hint: est#nate relative areas, in decimals.

of #zchtded features. )

#3-3: Estimate tire relative c,reas of tile fea-

tures in the ftdl pLx'el 4. Then, calculate the areas in

the upper r_ght attd the lower left rectangles within

pixel 4.

#3-4: From your consideration of pLrel 4,

draw some conclusion about the degree of"purity"

as a function of pi.x'el size.

Pixel Inhomogeneity

Let us now consider the problem of pixel

inhomogeneity from the perspective of inherent

class variability. As implied in a preceding para-

graph, a single class (such as a field crop) will nor-

mally show some natural variation in spectral re-

sponse because of differences in individual plant

sizes, shapes, spacing, and vigor, as well as differ-

ences in soil clump size, moisture, and the like.

Measurement values of surface reflectances for a

given class made from different individual sampling

points will tend to c!uster around an average

(mean) but will. nevertheless, show a spread or

range (usually estimated as standard deviation o).

.:-_+-+_[/_the__ class is general enough, differ_.nt field crops
" i" _:,_I_.'_TI_ show distinct differences evidenced as separ-

-_ __. . .
_'m_Ole means and nonoverlappmg spreads. However.

; in m:;ay instances, a Landsat classification may fail

to di__tinguish the various crops with acceptable

accurac_ but can. at least, lead to a distinction

m

"F
W

10

iLllllnl I I t I tI i _ t t
r,n 60 79 m

between all field crops (combined) and other,

possibly similar, categories or classes.

To illustrate this concept, examine Figure 3-2.

This is a plot of percentage reflectance calculated

from bands 5 and 7 Landsat data taken by the

satellite over a county-sized area in the Piedmont

of central Virginia on April 29. 1978. The two-

band data qsee pp. 29. - 273. and 446 for related

discussionsl were clustered into 50 separab!e spec-

tral subclasses 6 by an unsupervised procedure

(p. 446). The center of each numbered cluster

(smaller ellipses and circles) denotes the statistical

mean and the cluster boundary marks the spread at

1.5 o t'or each speL_ml subclass.

6A spectral subclass is defined _ a local cluster of similar spectral

radiant values ttbr two or more bands) within a larger distribution
of spectral radiances that characterize some given class or ground
cover type: it usually, bur not necessarily, corresponds to one of
several physk_ai or compositional variantswithin the class.

I
tW

Figure 3-2. Clusters of 50 subclasses,

representin(_ 9 land cover classes in an

area m virgima, as determined by a band
5 - band 7 plot.

BAND 7
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Just what land cover ty.pe _.:counts for a given
cluster is not sell-evident and must usually be estab-

lisiled in the field. In this example, a painstaking

ground verification study lbund that many seem-
ingly different spectral subclasses actually embraced
a range of variants within a single broad; _ound

class. Thus, clusters 11, 19. 23. 27, 31. and 45 arc

all grouped near one another (that is, are spectraUy
similar in band 5 but show some variation in band

7). Field studies determined all these to be asso-

ciated with stands of conifers-hence, representa-

tives of a single ground class. However. the spectral
differences within these stamls express variations

such as different species o_', more commonly.

ranges of crown cover (a function of tree density).
Under some circumstances it is appropriate to set

up each small cluster as a subclass, perhaps based
on density, within the more general class conifer.

but lbr Landsat this degree of division is often
inaccurate and requires hi_ler spatial resolution.

Fiekl work confirmed that the other clusters

are subclasses or variants that were cor_cniently

_ouped into more general classes, as shown in
Table 3-1.

These classes are indicated by hea_.w line

envelopes in Figure 3-2. Note that there is almost
tlo overlap among the major classes (thus. efficient

_cparability) althou_i so,he _tibcla_e_ experience

slight to strong overlap at 1.5 o.

Table 3-1
Classesand S.'lbclasses of Clusters

Classes Subclasses

Water 29, 44

Wetlands (nonforested) 13

Developed (bare ground) 5

.%.

Conifers 11.19.23.27,
31,45

Wetlands (forested) 7, 15.38, 42

Agricultural Fields 1, 2, 4, 10, 17, 18,

21, 25, 34, 36,
41, 47, 48, 50

Fields (other) 6, 8, 12, 16, 20, 24.
32, 39.43.46, 49

Deciduous Forest 3, 14.22.2_, 30, 37

Mixed Forest 9, 26, ,.q3, 40

Pixels And Resolution

Before leaving this subject of mixed pixcls.

you can reach a rather startling awareness of the
precise implication of pixcl size (resolution} by

an objective examination of Figures 3-3A through
3-3 E. Figure 3-3A is a compttter-gcner'ted enlarc:-
ment of part of the tlarrisburg. 7,. ,uh_-enc in

Landsat image 2004-14452 Isce Figure 4-10} as
photographed from the monitor of the IDIMS

interactive system (pp. 194 to 211). At this scale.
a few of the major features of an urban area

may still be recognized le.g., roads|. The pixels

making up the subscene are just beginning to

appear as individuals but the array still strikes the

eye more like points than discrete squares, iiow-
ever. in Figure 3-3B. a further enlar,_'cmcnt I throu,zh

resampling: see p. 431 ) of a small area (arotmd the
arrow_ has now made each pixel clearly visible. The

image that is still intelli_ble in Figt: ,, ' 5A has

begun to take on an ahnost abstract ;,.,ok in Figure
3-3B because the presence of noticeable squares

resembles a mosaic more than any representation
of the real world. Yet a smaller subscene (again.

around the arrow in Figure 3-3BJ has been enlarged
even further in Figures 3-3C and 3-3D. Figure 3-3C

clearly shows the exact color assumed by each pixel
when the same pixeis from tile bands 4. 5. and 7

data sets are superimposed in a false color compos-
ite (see p. 94}. in Figure 3-3D. _, band 7 image.

each pixel is seen to have a single grab" level. The
blockiness is so dominant that tht, re:d world it

SO
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A B

C D

Figure 2-3A-D. Progressive enlargement (by computer) of a Landsat subscenearound Harrisburg, Pa. {reference
area marked by arrows [see text] ).

llegedly depicts is almost totally unrecognizable.

(ou are actually looking at parcels of grotmd 79 m

,n a side, in which many individual and varied

_bjects are col,:ributing their own characteristic

pectroradiances to tile sensor. The mixing or

vera_ng effect is responsible for the uniform

ray level associated with each pixel. But now for

revelation! The blocky subscene in Figures 3-3C

nd 3-3D represents approximately the same
round dimensions a_d locatzon as tile detailed

ttbsc_.ne in the aerial l_hoto shown in Figure 3-3E

on the lbllowing page. (!t was impossible _o dupli-

cate these dimensions exactly: the Landsat sub-

scene is about 50 percent larger than the 1:4000

scale aerial photo.) The aerial photo can display all

objects in the scene larger than ca. 0.5 m, w'.',ereas,

only discrete objects larger than 80 m are poten-

tial!:; identifiable in the Landsat subscene-and

then only if they have sore,' distinctive attributes

such as a diagnostic shape or spectral response. One

such feature m the aerial photo iS the water-filled

quarry (arrow). It is equivalent to about 1.5 pixels

OI_IGINAE PAGE
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BLACKA_Dv_n_

Figure 3-3E. 1:4,000 scale aerial photo of area marked by arrows in 3-3B; lake corresponds to arrows in 3-3C and D.



t 120 t_l_ m k_ugCr dhuCnsion _,ud is sl,cCtrally dis-

Iiii¢!l'ro:ui!s surroundings, rhis "'klkc'"dot`s iu-

dct`d dOlllillaleolI¢pixt`liu Figurt`3-3C./is nlarked

I'_V illl ill'rOw, /llld /llSo inlltwn¢t's st:vel'al n¢ighbor-

illgpixt'Is,siuct`itis lik¢lylhal two or lllOl't`pixt`Is

/11"I"sul_t`l'iUll_OSt'do_t`r it.

_.¢-5." ('un you corr¢l, ttc ,tny _lhcr in,liri, ha,II

pixcls with _i .ft'dlllrt' or ,tlrollp ,_I ol,i:'cts in tlw

,at'rhd phi ,t, Y' It',_ ,. thrill!' the .fi',llltl't'.

=.¢-0,' lit l"_¢urc .;-.¢ you Ihzl'e I,,'cn obsrrrin_

StlC_'c'SSil'dlt" Slthdh'r drtkzs of ,zl! im,zgc' dt Idr._t'r alhl

Idrt?t'r lll,Z,t_ll_ll_',llh _11._.it! which ithliri, l'hzl t'd,npc_-

!tents (the I,ixds) become b_t_gt,r but thqir relathor

tO tht'lr Silt2rllltlltibl.tlX (_'OIIIcWI) ht't'Olllt'$ It!ore'

,d,s,'urcd. Which COlllI!IIIll lal_or_ll,_r.r ol,thall illslrlt-

lilt'lit ,It It'S IllllCh the .(llltc" Ihing7

#.¢-7: Lcst .1'ot4 l,t','otttt" ,lisillushm,',! with

l.,ZlhlS, lt hlt,l.tll'S eli this I,oitlt ill the workl,o,,_, illld

,h','hh" that Ih_thillg mu,'h worthwhih" nl,lr I,t'

hh'nt(th'd or h',trn,ai from them. n'assur," I'Oltrsclf

I,l" writi!l._ a I, ritJ'Shltt`nlt'nt that spt't'ilh'._ lilt' kinds

,,f hlll,rm,lth,n t'Xtnl,'hd,h" ]h ml sm,dl-s,'ah" s,;t¢l-

lilt" illhlt_t'rl'. Ill olhcr woDis. I1"11.1' i.¢ h_lt" rt'mduthm

iln,tgcry still Itst:till fi_r ccrhlin types o f,q,plicatio!ls.

crrn though the" usual ,h'htiis r¢conh'd in ,wrhd

photos am" not disct'rnibh'?

MULTISPECTRAL REPRESENTATION

OF COVER TYPES

So f/it iu this/ict:_ity, _e ha_c focused on the

Iililllllt`r in which Ill," I.illld._ll ._IS,_ lllC/Istlrcs the

Sl_eClror/tdi/Inces I'l'Oill illdi_idual obi¢cts wit|liU

iqols of skit` Icnle.lh _t) nl OII lilt." I:itrlh's sltrl'/t¢¢

;llltl i¿ll¢..'.'fill¢S lilt'st' I'¢l]¢t'lilllt'¢s illlo .I s¢l of %'ilhl¢s

Ih/ll Io!',t'lh¢l" giv¢ a chic ;tbotnl Iht' dOlllinillll t.'ott`l"

IVI_¢ Ill t`/It'h Silllll_ldd rlol. %V¢shall SlOW cxillllitl¢

how Iht`s¢ i_ix¢l /ll'l'/l.\S Of _;/ll._,illg sl_CCtlOl/ldi/lll¢Cs

_,it`Id diff¢lcnl bI,Ick /lUd while pllolO ml,lgt's for

,'ach b,,nd ,illd, co11_¢rsc[._, ho,,_, I|I¢ ,,.z1,l_k'v¢1s 111

|hi' bilnd in1:Igcs lUily be ;ini11._z¢d to plth crudt` bul

usn,lll._ tliil_x¿loMicsl_¢cIlill ct11_,t's for lh¢ 111;11orcov-

er I._ p¢s.

l:ilch cover I.vp¢ I¢lhls Io bo exl'q't'sst'd by ,I

chilr',iclt'rislic gr/ly IOlW in t`ach bal_d, l'ht` shapt` of'

¢ilch ._:1"OUlld l',:11t_.'l'n oO,.lIll'_it'd l'_y ;I ,,.'ovt.r lypt" 111ay

/llso n¢rv¢, iII SOlllt" irislal'tC¢s, ,i,_ ,l title Ioils id¢n-

lily. l'his ,_,.i;i_ Io11¢ is dir¢cIlx r¢I:it¢d Io lhc p¢r-

ct`tltilgt` rt`fl¢cl,lllCt` or l,,rigllInt`ss l¢vt'l oI" lilt' l.Vpt`

or class, l'ht` .,.,_r¢ill¢r lht` rt`l'l¢¢I,in¢¢ fronl it ¢ovt'r

t_p¢ surf,let`, i.¢., the l,rightt'r or nlort" r:idianl it

/tl_i'_t.'Zll',_ to Jill ¢llcrt,,,.v d¢tt'¢t.or, the lighter tont'd

(Iow;ird wllilt,J _ill be its express|Oil tn a posit|v!,

black :rod _,hit¢ lq_Oto-priut. L'tm_crscly, grt,.ttl.\

reduced rel'lectan¢¢, as from darker surfaces, _vi|l

show lip .is dark I toward black ) ill Iht, prinl.

1"hi, t,ight land._::ll_t, ¢ovt,r typt,s listed ill Iht,

first ¢oluulu of Figure 3--1 art` lot;lied _vitlliu 11170.

1513 1 (l:igltrt, 2-31)) by arrows I:llwlt,d with ilrabi¢

11unlt,r:11.,k I:illd lht, cover lypt, ill t,ilch of lilt' fOlll'

black :lud whilt, iUl:lgcs i1_ Figure 2-3..,,id holt, its

gray It,vcl. I'hc ..,tt,p scale at the bottom of t,;Ich

billld I'l'illllt" is ;I .,.'llitl¢. {'Oltll| It'll stt'l_s I'l'Olll ri,.z'ht

to It,fl Io ¢o_'¢r !hi, r.lngt, dislill!mislLib|t, by t,yt,.

bill ¢Ollllfi:lt, every two /Idiacenl steps to eSt:lblish

five levels from very light to vt,u,' d:lrk. !11 Figurt,

3--1. !,/loll I/Indsc/ipt, ¢ovt,r lypt, is Io be idt,nlifit,d

with o11¢ of Iht, five It,vt,Is of gray for each of tht,

(our MSS b/llldS. A box I\_r t,/ich level is placed
tlllth.'r t'ilt.'h b;llld cohllllll. For t`at'h Iltlllll'_t'r¢d covt'l"

typt,, uott, xvhich band iluagc has tht, darkest It,xt,I

or Io11¢ ;itld pklC¢ ;in X ill tht` luiddle of 111:11box.

I'ht,n, plot X's under lilt, band wilh lilt, lightt,sl

Io11¢ arid tilt, t_vo bands _vith al_lWopri;llt, inter-

¿ut,di.ll¢ It,vt,ls. Fill in tilt, art,.i tlllttt,r tht" X iu t,ach

t'olllllln wilh pt,n¢il sh.ldiug, rhis h/is been doll!, i\_r

cover lypt,l ;IS:Illt,Xallllqt,.

St}



ORIGINAL PAGE IS
OF pOOR QUALITY

LAND COVER TYPC

(1) Bernegat Bay

(legoonal water)

• TQ_'4E

V. Lt. Grey

Light Gray
Medium Gray

Dark Gray

V. Dk. Gray

(2) Round Valley
Reservoir

(water behind dam)

(3) Trenton, N.J.

(matrope4itan area)

(4) Blue Mountain
(N. of AIl_tawn)

(heavily forested
ridge)

(5) Pine Bamms
N.J.

(piney woods)

(6) Large Open
Area S. of
Coatsville, Pc.

(field crops)

(7) Rectangle W. of
Cedar Bridge, N.J.

(cleared berrans)

(11)Clouds

(over ocean)

MSS

5 6 7

mh -

PRE_)0@'_-D
COLOR

Figure 3-4. Development of spectral signaturesfor eight land cover types.
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Spectral Response Curves

rhc Pencil-shaded areas resemble bars in a

histogram (see Figure o-17) and provide :1 gr:q_hieal

picture of th,'variation in rctle,'tan,'efrom bantl to

b,uld. Now, comwct Ill,' X's with a continuous line

as shown in the Barnegat Bay example. "rh,., line

you lWt;du,'e from each four plolled poinls is. in

el'l\','l, roughly illl;l[O_t'_liS It} lh," sp¢ctror;.Idiance

curves exlctldiilg a,'ross a ¢Olllilltltllll Of Sl_Cu'Ir;il

r¢lle¢l;lliCes tiw;Isilred by ;I Sl'eclromcler in the

field. ('olnrmr,: your resulls with the typical spec-

tral curves for sitlgle ¢lass¢.-. on nolv.'cgelalcd and

vegetated land surfaces (taken |'torn Root anti

Miller 7)shown in Figure 3-5.

#.;-S: Wh.v is tilt' width allottt'd to band 7 ill

l.'igure 3-4 greater than tit(" spaces giren to the

three shorter wareh'ngth bands? (ll#zt: Rccali that

the rallg¢ of the photomuitildicr (h't¢ctors used hi

band._ 4, 5. and o drol;s off drasth'all.v abore about

!. 0 pro, a photodio(h. _h'tector in"used for band 7. )

#.;-q: What shnilarities (h) you obserr¢ among

the chess curres? What di}'Ji'rences?

7O

II

i"

10

II
.3

(AI NONVEGETAlrED LAND AREAS

.... CONCRETE

-- ASPHALT

'_ RARE SOIL DIIOM II1)_111AND MIt||ll IIItll

......... GRAVEL

---- SHINGLES

___L__+..k .... L_ _t . _ ...... ._L.__._L.___L_...._J

4 $ .tl .7 l • 1.0 l.l I._ I 3

WAVELENGTH I..ml

II

iRI VEGETATED LANU AREAS

....... GRASI

TREE

.... $tdlG A I lIlT

WNIAT ITURIi t

....... FALLOW FIILOI

.:- / \

,$ .4 .l .i ,1 .I .l i.0 i.l 1.2 i.$

WAVELENGTH l.,ml

Fitlurt, 3-5. Some characteristic spectral signatures of lafld cover tyl)es.

Spectral

('tll-%e.% i'¢1w¢.,_¢11 lille ill¢;.i.,qlr¢itl¢lll.,.i of |he v;iri:i-

lion of rel]e¢lcd or eluitted radiation intensities ;is

;i fiill¢lion of w:iv¢lellglhs hi lhe t'le¢lrolnaglleli¢

SI_L'¢IrUill are COlllnlOil[)' referred Io ;is ,_'pectral

.lik'lh3llltC._, 8 l':;i,'ll grt)lliltl t'over type or ¢l,iss It'lltls

to have its own charaeterisli¢ signature, which may

be suffici¢llt to itl¢lllify il. ;lllhough Ille shapes

;.iN4liilled by ;I l)pe or class Itl;ly ;llso be IlL't:d._S;ll'_.'

for idetl t il'i¢iil ion,

l'his .lhn,lamt'ntdl ('l)nt'Cl,t. naiucly, that a

el,lEE or obj¢¢l may he itlenlified hy ils

chai'acleriMi¢ sp¢¢lral nignalur¢, aloilg with

ils dislinclivc sh:il_e, lexlilre, al;ti dislribulion

ICOlllexll ;i,_ stil_l_oilillg illl'orilialiOll, i,_; tilL'

t'.l*,_'t_;#ll' _tl ##lll]lisp_ 'l"Ir,ll r_'##l_,It" vt'H,sjll,tL

Signatu res

]'h¢ ;Ihilily 1o olq:iin tlil;llllil:llive ille;iSllrt, illellll Of

the spectral characteristics of dil'l'erenl cover types

tit ¢l;Is.,14.':,i .",;l;llldS ;IS (.)lie t)l" three iliiljor -'ldV;.llll:lg,'_

provided by the Lands,it observing system over

¢onvenlional i_:niehrolnali¢ aeriiil iqit)logr;lphi¢

mclheMs for monitoring lhe i:.:lrth's surface.

_'Ro,+t, R. R., -iitd L. D..%lille/, I,h'ntificati, m of tYban klltersht'd

I nit_ l "iing .Ihdtisl,¢.ctml Rt'rphl/¢ S¢ll._l#lg Data, (ok*nldo State

Un_veisity. Ft. Collins° Colo.. tlranl *144134101-.'ll)lll_..%1 p..

1',)71.

8 Alttl knowii .is ._l_¢¢t/ll g¢.%lll.lll_12 palletlll ill M_¢Ii;l[ rell_Oll_l_

¢ltt_x,_ A _l_¢llai ._igigitliiV hi" ;I cl.l._s till telhty, of the Illltegials

Illakillg Ul_ the obj¢¢li ill;it d¢l'ine the _'la_l i_ lltll i tlnilG¢ ¢ut'_

bul +_llllii't valtllllOlli dt, i_ending lln lilt" i'onllilkln$ ill lllelllt, lllt, nl0

IIiiX ol'llhjl.l'll lllil Ollleg I'.it'lill_ St._ ° ll..IlL
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#3-10: Can you st_ecify two other advantaecs?

#3-11: Again examine the two sets of curves

in Figure 3-5. By visual inspection select and re-
cord up to three wavelengths (in practice, usually
an interval or waveband) that could be used to

separate or distinguish between the following

combinations of two land cover classes: (a) Grass-

Wheat: (b) Concrete-Asphalt; (c) Gravel-Shingles;
(d) Wheat Stubble-Fallow Field: (e) Sugar Beets-

Gravel; (Jr) Tree-Bare Soil. To do this, look for

wavelengths in which differences in percentage

reflectance are large (greater than 10 percentL These

wavelengths, which you should designate Xt , _2'

and X3, need not, and usually will not, be the
same for different pairs of classes. List two ex-

tended (greater than 0.05 pJn) intervals in which
most of the nonvegetation classes may be unam-

hi¢uousl.v differentiated from the vegetation classes
shown.

#3-12: Obviously, a complete spectral re-
flectance curve, with all its fine structure, as

produced with a continuously integrating spectrom-

eter, provides more diagnostic and detailed in-

formation (absorption bands; fine structure) about
the composition and other characteristics of the

class or material being analyzed than does a series
of single-vahted waveband intensities measured by

a spectroradiometer. However. at present it is tech-

nically "'impractical" to operate a conventional

spectrometer capable of measuring over a fre-
quency (wavelength) continuum on unmanned

satellites such as Landsat. lChy? What prevents

this mode of operation? (Hint: A spectrometer
was used by astronauts on Skylab.)

FORMATION OF COLOR COMPOSITES

We shall now turn our attention to the ways

in which Landsatcolor composite images are formed

by combining black and white images from indi-
vidual bands. One of the color versions (Figures

2-1, 2-17, or 2-18) of 1079-15131 is a typical

product. To understand the production process,

consider the reasoning behind the following ex-
periment.

Look at the three squares in Figure 3-6 below.
They contain four different geometrical designs,

each located in the same position in all the squares.

PROJECTION
FILTER: BLUE GREEN RED

BAND
FILTER:

A

4(GREEN)

B

5 (RED)

C

7 (IR)

Figure3-6. Diagramof projectionfilter and¢orres0ondinqbandfilter.
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The designs are openings over which light-transmit-

ting filters are placed. Each dark 01eavily shaded)

design is covered by a minimum (< 10 percent)

transmitting filter. Each light (clear, outlined only)

design is covered by a inaximunl (> 90 percent)
transmitting filter. The remaining area in each

square will be considered opaque, that is to say,
it has no effect in tile experiment. 9

The squares are now mounted each in its own

light projector (for instance, 35 mm or lantern

slide type). The designs projected simultaneously
on a surface screen are precisely registered by

moving each projector until equiv:flent shapes
are superposed. A color filter is then placed in
front of the lens of each projector: blue for square

A, green for B, and red forC. Light passing through

any two or three of the same clear designs and the
color filters will be mixed by an additive process.

The resulting colors can be easily predicted from

the left-hand diagram of Fignre 3-7.

ADDITIVE

This procedure, in which radiation of varying
wavelengths and intensities (as through the use of

variable density filters, or through patterns with

different gray levels in an image transparency)
from two or more independent sources is passed

through color filters and mixed upon superposition,

is an example of the color addith'e process. This
process is used in Ibnning primary colors and
combinations thereof in color TV sets. Hues

other than those indicated in Figure 3-7 (left)
result when primary colors are mixed in unequal

proportions.

Next, let us view the designs in Figure 3-6 in a
different way. Consider now each clear design to

be solid (not open) and covered by highly reflec-

tive material that is either assigned some visible

color (including white) or returns radiation in the
near infrared. Ignore the dark designs and, once
again, pretend the material of the square between
the designs is opaque, with no effect on radiation.

SUBTRACTIVE

Figure 3-7. Color production by additive and subtractive processes.

The ,_ will be dominated by blue (almost no green
or red contribution). The _' will be green, and +

will show up as red. The combination of green and

red for the C) figure (in B and C) will produce

yellow.

_)-I._: What coh_r wouM result it" the + ill ..1

wt'rt' ch'ar instead of dark?

_.;-14: What color wotthl occur iJ" O were

ch'ar in all these squares?

=.¢-Ifi: It'hat c'ombi;tathm is needed to

achit're a hlack to/w? ..1 hrow/! tone?

The objective of this second experiment is to deter-
mine what gray level will be recorded on (visible/

infrared-sensitive) fihn when the clear designs are

(I) assigned a "color" (including IR), and then (2)

viewed through some highly selective filter (one
that passes only a narrow band of wavelengths).

9If you are so inclined, you can actu'.flly conduct the experiment at

this stage. Make the utuates out of catdboard, cut out the designs

and cover them with exposed (dense) I-tim and cleat plastic or

cellophane. Ilowever, you _-an just as well visualize the entire

experiment and protably deduce the expected t_._sults.
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......... If we look at the reflecti,_ design in square A

through a green band filter, we ask what colors it
can have that will pass through the filter, be re-

corded on a film negative, and be registered on a

positive black and white print as a light gray 0. The

obvious answer is green. Reflected light from a red
(or blue, or other nongreen color) design would be

completely absorbed so that the _ appears dark

(blackish) on the print. However, if the design is
white, that portion of the wlfite light (all colors)

consisting of green wavelengths will likewise pass
through the filter to produce a similar light gray 0,
If the design is black, it will show as black on a

print, regardless of filter bandpass wavelengths.

#3-16: What "colors" must be _ssigned to

the clear designs in B to produce a corresponding
light gray on a print? In C? What must we change
to record a bhte design as a light gray pattern?
What must be used to record in ltke manner a

yellow design? Suppose the "light"is reflected
IR radiation: how does one record this as a light

tone?

We have just described in an elementary way
the essence of how a multispectral sensor (typically,

composed of radiation-gathering optics, selective

filters, detectors, and recording system) senses
"'colors" from features distributed in the scene,

and how some color rendition of that scene may

then be reconstructed photographically. A selective

filter passes all radiation within its waveband and

rejects other radiation, while preserving the relative

positions (in the sensed scene) of each radiation

source or surface feature. This results in different

light and dark patterns (designs) on film that cor-

respond to the passed or rejected (nontransmitted)
radiation from the different surface features.

Different gray level patterns corresponding to these

features are produced by different selective filters,
but each pattern is mutually coincident (registered)
on fdm renditions of the different bands. When

these patterns are recorded on positive transpar-
encies, combinations of the transparencies may be

projected (by back illumination) through color
filters to reconstruct the original colors or to pro-

duce false color composite images. A false color
composite is formed by using projection filters

whose "colors" or radiation-pa,%ing ": :xebands are

not the same as those used by t.he sensor in making
each black and white band (i.; Figure 3-6, the

projection filters are listed at the top and the
selective filters defining the sensor band are speci-

fied at the bottom). The conditions by which the
standard false color composite is produced from

Landsat black and wlfite transparencies (as for

example, Figure 2-1 ) are given in Table 3-2.

We must use false color to depict radiation be-

yond the wavelength response range of the human
eye (in this case, parts of the near or reflective
infrared). In effect, we have shifted three consecu-

tive intervals of radiation in the green, red, and

near-infrared toward shorter wavelengths until the
green is expressed in blue, the red in green, and the

IR in red (other natural colors, such as yellow, will
likewise assume new false colors as well). The

sequence yellow, magenta, and cyan was chosen
for film recording by color subtraction because

Table 3-2

Standard False Color Composite Conditions

Dominant
Natural "Color" of Band Band Color of False Color of

Scene Feature Number Wavelength Interval Projection Filter Scene Feature

Blue 4 0.5-0.6/am Blue Faint Blue to Black
Green 5 0.6-0.7/am Blue Blue

Yellow to Red 6 0.7-0.8/am Green Green to Yellow
Near IR 7 0.8-1.1 #m* Red Red

White 4-7 0.5-1.1/am All White

"Note that 0.9/am is aooroximate cutoff wavelenqth for photographic I R negative film
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only cyan dye ill a photo emulsion is sensitive to

infrared radiation (beyond a 0.70 /am cutoff for

magenta and 0.00 for yellow). This explains why

highly reflective infrared radiation from vegetation

is expressed in red tones in color IR photos (see

also pp. 97-08L

_.3-1 7: It'&,)' is a fidse coh_r IR #hare or coh_r

IR fihn better suited than natural color hnages or

fihn lbr th'tecthlg different rtL_etation types or

regetathm stress? (l/int: l-xamhte the cltrres hi

l.'i_nlre 3-5. )

in practice, any three of the four black and

white positive transparencies made by film record-

ers l¥om the four Lantl_t MSS band data may be

combined into a false color composite. This is

commordy done by photo_aphic techniques (see

below). Alternatively, the transparencies (usuaUy

as 70 tntn "'chips" rather than standard q in. or

I: 1.000,000, products) may Ix, inserted into a

color additive viewer that enlarges and projects an

image onto a viewing screen, t° A typical viewer

contains four film holders through which white

light is transmitted into an optical train consisting

of prisms and lenses that redirect, focus, and super-

pose the images onto a frosted screen. Precise

superposition is accomplished by gears that allow

X-Y tr:mslations, rotations, and tip-down move-

ments of each tray. Four filters (blue. green, red.

clear) are mounted in each of four filter wheels

which may be inserted into the optical train to

project each image in some primary color or in

black and white. The relative amount of each

filter color added to the scene may be controlled

by varying the intensity of the light bulb used with

each image.

Thus. consider a _ven pattern that appears

mediunl gray in the band 4 image transparency.

dark gray in band 5. and very' light gray in band

7 of a Landsat scene. When superposed in a color

additive viewer, the pattern will take on a reddish

cpIor as blue, green, and red filters are coupled

with the bands 4. 5, and 7 images respectively.

This is the color almost exclusively associated with

vege:ation. A pattern of dark gray (4L light gray

(5), and tllt'tlitllll gray (7) yields a yellow twith

greenish tint1 color, characteristic of red soils.

=3-l S." !_'h_t ,:oh_r will a pattern assume whe_i

the combinathm band 4 = medium gray (red filter).

band 5 = rery dark ,era)" (green filter), band o ---

medium light gray (bhte filter) is used?

This last question suggests that different com-

binations of filters and band images can lead to

interesting, often esthetically pleasing color

composites and, for some features, significant en-

hancement (emphasis1, allowing better detection

and/or measurements. This is well illustrated in

Figure 3-8. in which the New Jersey scene 1,1070-

15131J has been produced by the l-alter-band com-

bination of red (4), green (5), blue (O).

=3-10: Compare this with tile false coh;r

composite o]" this scene (Figure 2-1L Describe the

effcct of this new combination on patterns oi"

sediment in the ..I tlantie Ocean off the .Vew Jersey

t'oast. ..Ire an.r other featttres easb'r to detect in

this eonll_htation? Sp_, ifr.

-.,-.0: .Vow refer aga#z to Figure ._-4...|ppl.r-

ing tilt" standard combination of bands and lilters (4

= bhw. 5 = green. 7 = redL predict tile color

expccted ]br each corer O'I,e listed #z that table.

Ilsillg the last t'ohlmn to rt't'ord .l'ottr response.

=.¢-21: What coh_rs would you expeet lbr

_'t_l't'r [.vt,t's 4 and 7 iJ" tilt" bandfiltcr combhtations

wert" t'hanged to 4 = bhte. 5 = red. 7 = green:'

--3-22: lt'h.I, can the natural coh)rs of :halo"

features (]br evamph,, water) not be repro_hwed

/'rum tile combination ill ._3-21. which would

st'eln tt; prothwe reds lbr red soils and greens for

trees and other regetation?

-'.¢-23: What wouhl b," needed as a fttture

MSS system to obtain natural (true) color #nares?

I°still another simpk and low cost tcdlmqu¢ is to mount each of

the three Uansparenck's in d, lle of three suitable projectors te.g.,

l.mtctn _ide type), place a blue or green or tvd filter in the op-

tical path ot each projectt_r, project the p_oper ¢omamatlon of

film and tilter onto a s¢lcen or .A all. and meet ttglivldual pro-

JeCtors until uuagcs superpose.
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_10"/S - 30 _ ,_j S_39" _ 2 : i40 ,'?5-00 _40_ - 30_e-c--_ ,_ ,_a0.._/_40-M.4e SUN -'.38 _.:517 .91- ;0e-N-;-N-D-2L'_ F_LT,._-J_,._0?-Q- = _

Figure 3-8. New York Landsat scene in nonstandard false color rendition (band 4, red; 5, green; and 7, blue).
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Note: A crude quasi-naturai color image is some-

times obtained by combining only band 5 {red)

and band 7 (green). but water bodies appear black.

Projecting band 4 through blue distorts the colors

of the red and green objects. Experiments by the

U.S. Geological Survey and others have produced

remarkably realistic natural color images thrt, ugh

creation of a "'blue band" image. This is generated

from a computer program that assigns appropriate

gray levels based oil the spectral response of toni-

men objects in the blue wavelength region. The

Thematic Mapper (TM) on Landsat-D will carry a

blue channel {.see p. 378).

Color composites may also be made by a sub-

tractive process. Most positive color lilm trans-

parencies and pr;.nts are generated in this wax'. The

right-hand dia,..-u'am in Figure 3-7 shows how each

of the primary colors is reconstituted by super-

position of the appropriate two subtractive

colors. 11 each being one of the complementary

colors (e.g.. cyan is complementary to red and

magenta to green; cy::n :lnd magenta together lbrnt

blueL

In summary, the color pri_lting process works

this way. A color negative is produced by passing

white light (containhlg the primary colors) through

an emulsion that consists of layers sensitive to blue

green, and rod light. The blue layer responds to

blue light and retains images of blue objects in the

scene, l'he gu'een alld red layers record grce|_ and

red objects re._pectively. When the negative is

developed, dyes are fornled in each layer as fol-

loses: bltle layer-yellow dye: green layer-magenta

dye: red layer-cyan dye. A red object will be

represented by a cyan color on the developed

negative, a blue by :l yellow image, and so forth.

When white light is passed through this negative to

make a print, each dye acts as a color filter on a

primary color. The cyan-dyed ima,..e, for example.

ab.,a)rl, s red and passes blue and green. This d._e

then prodt, ces the color complementary to blue

and green namely rod. i_l the i_nal prints. This color

is the same as that of the original object.

As another illustration of the subtractive pro-

cess. you might seek a demonstration of the Diazo

process-if not availal_le, tma_ne the following.

Transparent light-sensitive Diazochrome films

come in a seleclion of ten colors including the

three compleznentary ones-cyan, magenta, and

yellow. To "'burn" or expose a film sheet, a black

and white nositivc transparency is placed in con-

tact with the film. ultr;:violet light is passed

through ;t. and the fihn developed by ammonia

vapors. Suppose a standard Landsat false color

composite is required. For band 7, the yogi:ration

patterns appearing as light tones in the transparency

will ailow light to reach a cyan film and thus ex-

pose or bleach out the cyan color. Vegetatio,1 pat-

terns, expressed as ,nedium dark and very dark

tones il: bands 4 and 5 positive tr'ansl._arencics.

respecti_,ely, will appear as unexposed or still

colored areas in the magenta (band 5) and yellow

Iband 4_ films. When the three developed fihn sheets

are superposcd in close registration, the combimi-

lion of yellow plus magenta plus clear (bands 4.5.

7. respectively) will. as seen fronl the right diagram

in Figure 3-7. give rise to the reds characteristic

of vegetation in a false color composite. Red soil.

which appears yellow in this false color composite.

is represented as dark. very light, and light tones

in bands 4. 5. and 7 transparencies, respectively.

The yellow color remains for the soil t3atterns

when band 4 is paired with yellow Diazo fihn. l'hc

magenta and cyan l_lms, coupled with bands 5

7. become clear at the red soil patterns. When the

three film sheets :Ire superposcd, only the yellow

contributes at the registered patterns. Bluish

silty water is prodtlced by the combination band 4-

dark yellow: band 5-medium dark magenta: band 7-

light eyan.

I IA t_rimaty col-at is |_rt_du,.'t_by subtraction wl_en,.'verwhite li/_ilr
pas._s through a color filter that subtsaet,t iabsotbs) all other



VISUAL IDENTIFICATION OF

LAND COVER TYPES

To complete this section, review the informa-
tion in Table 3-3, which lists tile characteristic

gray tones and false colors of common land cover

types appearing in black and white and false color

images. Then examine Figure 2-17 (and refer also

to Figure 2-3 A to D). The arrows point to ex-
amples of the land cover categories. Each arrow is

labeled by a small arabic letter corresponding to

Table 3-3

Identification of Land Cover Categories

Category

a. Clear Water

b. Silty Ware,

c. Nonforested Coastal

Wetlands

d. Deciduous Forests

e. Coniferous Forest

f. Defoliated Forest

g. Mixed Forest

h. Grasslands (in growth|

i. Croplands and Pasture

j. Moist Ground

k. Soils-bare Rock-Fallow

F ields

I, Faults a,'_d Fractures

m. Sand and Beach.'

n. Stripped Land-Pits and

Ouarries

o. Urban _reas: Commercial

Indu_rial

p. Urban Areas: Residential

q. Transportation

RestBands Salient Characteristk',=

7 Black tone in black and white and coke.

4,7 Dark in 7; bluish in color.

7 Dark gray tone betw,_en black water and light gray

land; blocky pinks, reds, blues, blad¢._

5.7 Vory dark tone in 5, light in 7; dare red.

5,7 Mottled mediur, i to dark gray in 7. _ry dark in 5;

brownish-red and subdued tone in color.

5,7 Lighter tone in 5. darker in 7 and g_Wish to

brownish-red in color, relative to normal vegstation.

4,7 Combination of bio' :by gray tones: mottled pinks.

reds, and brownish-i ed.

5,7 Light tone ;n black and white; pinkish-red.

5,7 Medium gray in 5, light in 7: pinkig'l to moderate

red m color depending _,. growth s_.

7 Irregular darker gray tones (broad); darker colors.

4.5, 7 Depends on Surface composition and extent of

vegetative cover. If barren or exposed, may be

brighter in 4 and 5 than in 7. Red soils and red

rock in shades of yellow; £ray soi: and rock dark

bluish; rock outcrops associated _ large land
forms and structure.

5.7 Linear (straight to curved), often d_continous;

interrupts topography; sometimes _',gletated.

4,3 Bright in all bands; white, blu=sh, to 5ght buff.

4, $ Similar to beachet-usually not near large water

bodies; often mottled, depending on

reclamation.

5,7 Usually light toned in 5, dark in 7; mottled bluish-

gray with whitish and reddish sped_

5,7 Mottled grav, with Street patterns v_ble; pinkish to
reddish.

5,7 Linear patterns; ¢,i¢t and concrete roacP light, in S;

a_halt dare in 7.
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the letter for that category in Table 3-3. However,
not every category is present (or identified) in the

scene. You can refer to this table again in respond-
ing to questions in Activ.':y 4. when specific land
covers need to be identified.

One last comment: It might se,_m from Table
3-3 and other indications in tiffs section that band

6 has only limited val::e. It is generally true that

band 6 is largely redundant in relation to band 7.

Spectral responses in each wavelength interval
represented by the two ban.is (6 = 0.7-0.8 ,am;

7 = 0.8-1.1 lam) tend to be similar for most com-
mon surface features and objects. However, there

are real, often significant, differences in averar_e
spectral intensities recorded in these two bav.ds.

For example, certain rocks containing ferric Iron
will reflect less light (because of absorption bands)

in band 7 than in 6. Silt-laden water is somewhat

more reflective in band 6 than in 7. Certain vege-

tation types are characterized by diagnostic, but
slightly different, reflectance intensities in the two

bands. These differences, e'len though usually

small, become important when computer process-
ing depends dn digital number values from both
bands for feature identification and classification.
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ACTIVITY 4

PHOTOINTERPRETATION

OF LANDSAT IMAGES,

LEA RNING OBJECTIVES."

• Develop a facility for applying com'entional techniques ofphotointerpretation to small scale (satel-

lite) imagery.

• Be able to locate, i(lenti]_v and #_terpret small natural and man-made sttrface features itt a Landsat

hnage.

• Use supporthtg imagery, such as aerial attd space photographs, to conduct specific applications

analyses.

• Learn to apply change detection techniques to recognize and explain transient and temporal events

#t hldividual or seasonal imagery.

• Produce photohzterpretation maps that define major surface units, themes, or classes.

• Become adept at classil_vhtg or analyzhz£ a scene for specific discipline applications h_ geology, agri-

culture, forestry, hydrology, coastal wetlands, and em'ironmental polhttion.

• Evaluate both advantage_ and shortco,ii, rgs ht relying on the photohzterpretive approach - rather

than computer-based attal.r tical approach -for extracthtg hz formation from Landsat data.

:rt_ .... I plio_o ._T_aphY _a't 7. -, _urch:.='-,".

..__z._zaEROS Data _:r.t_.r

PRECEDING PAGE BLANK NOT FILME_
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HELPFUL RULES FOR PHOTO-

INTERPRETATION

Although the trend in int\)nnation extraction

from Landsat is clearly toward use _f ¢onlptlters to

handle the large vohmlcs and quantitative nature

of the data. much may still bc learned :rod accom-

plished by examination or" images with the classi-

cal techniques of the photointcrpreter. This

approach-particularly favored by geologists-is

also well suited- to teaching others some of the

basic principles by which the Earth's surface may

be analyzed for practical applications. In this activ-

ity. we shall conct, lltrilte ell [we adi:iCPIl[ sceIles

imaged at different times illa year over a span of 5

.,,'cars.Thus. the elnph;ssisin this activity will bc

placed oil itll'Orlll;Itioll extraction and the resulting

applications based on Hlantte dctccti+m. You will

be concerned with several specific themes that will

occupy iiif+,)st o1" tile interpretive work yell do

tltil'illg this tutorial session, but there will also be

SOllle folh_w-ui_ qlleStiOIiS dlld exercises presellled

;iS ;Ill add!tional ch;lllellge to those of you sl.! IllO-

tivate,i to delve deeper. Although most of the

images you will use in this activity ;ire standard or

darkroom enllanced photot_roducts, yell will ;llso

eXalllille several _,'otiiptlter etlh;ItlCetl versions ;is :t

l'tlrthcr ;lid It+ itllCt'l'q'el:|tiOll ;ltld ..IS ;.Ill inlroduetiotl

to the next activity, which deals with computer

p recessing.

litre arc some h¢lpftd rules Its gtlitle you ill

reaching loci;rate illtcrpretations of pholoinlagery

whea perforn+ing this activity:

I. Look for dil'fcrences in gray tones and/or

color. Such differences ,ire oftetl pilranloutH

in recognizing the presence of specific

surface features and delining boundaries

between different classes, in really instances,

e;Ich tOll,ll or color p:ltterll is ;I key [o tile

identification of :! specific feature or class.

as you have just noted from Table 3-3.

2. Rely on shapes of gromld ;.'atures and their

context (spatial relations with one anotherl

as further clues to identify.

._, ('Oltlp;ire two or itlore ,_etles to resolve

uncertaillties abOLIt SOIIle unkntlwll l_'atures.

If a feature remains similar in tone or color

(after conlpen._lting for differences in atmo-

sphere, Sun-ilhmlination, and photoprocess-

ing) from _'ason to sc:t_m, it is probably not

related to vegetation or to tr;msient events

+,river silt, _lloke, etc.). Featores in band 7

images that apl_ear light during growing sea-

soils atld noticeably darker in late t-'all-win-

ter-early spring scenes are almost cerlainly

vegetation.

4. Seek out supl_orting itlfonuation froI|l nlaps,

reports, :llld ptlbliczltions as aids to I't.attire

(pattern) wcognitio0 and chl_sil_cation. Per-

haps the best single reference for interpret-

ing [.ands;it im;Iges of parts of tile United

States is the National Atlas of the United

States. published in 1070 by the LI.S.

C;eologic:d Sun'ey.

5. Draw tlpOtl yol:r OWli experiences, your obo

5,CI'V,ItiOIIS Of the COtlllfl'_..sidt'. ;itld VOtlr

kllOWledge of recent envirolinlental :ind

reSotlrcgs ¢Olidfrns :IS supporting m)urccs of

itfformation for rccognit.ing features alltl

interpreting changes.

As you i_erl+onn the various tasks ill this see-

lion, you may be asked ;It first to look lit certain

specit'ic fcatures without being given much back-

grouml infornuition. Apply your reasoning powers

;llld your flllltl t,l" knowledge to arrive at et+nchl-

sions. I)on't feel discouraged it" yoo are unable to

answer every question, as you simply lilly not know

some essential inlbmlation. As you progress, the

answers will nlore or less unfold :llld you will begin

It) see the methods anti relations ti._.,d by experts in

photointerpretation.

j"
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BLACK AND WHITE PHOTOGRAPt"I'

THE HARRISBURG SCENE: A FIRST LOOK

We shall begin Activity 4 by becoming gen-

erally familiar with a scene covering part ef south-
eastern Pennsylvania. It will be referred to here-

after as the Harrisburg scene. It lies to the west

of the New Jersey scene we studied earlier, and,

in fact, the specific rendition to be looked at first

(Figure 4-1A and B, and Figure 4-2, frame 1080-

15185) was acquired on the following day (Octo-

ber 11, 1972) from the adjacent orbit. On this day,
in particular, the weather was outstanding for ob-

Figure 4-!A. Pand 5 rendition of October 11, I _;2 L,mdsat-1 _cene covering east-central Pennsylvania including Harrisburg.
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raining a sharp image l'rom l.andsat; a crisp cold
front Ilad advanced over the entire eastern United

States after a heavy rainstorln on tile previous day,
Behind the front was a high presstlre, low moisture,
clear air mass that retluced scattering and absorp-

tion and tllus caused only ininimai degradation of
scene radiance. On the same day, tile next scene

along tile sanle ort_itai pain covered Washington,
D.C., whence was generated the image so often re-

produced as an outstanding example of tile quality
of imagery obtainable from Landsat (see Figure

5-1). Examine tile ttarrisburg scene, in both its
black and white and color renditions, to savor its

quality.

o_ . .

• 2 _LIN Ek3,'7 qZIS_ 191-1_14-N -_ 'N-D-iL _RSfl ERT_ _-i_Pi_ '_','_=, • ,U
II II I

Fitj,,,o 4-113. o,,n,_°_-, 7 ver;ion of Oc:c_ar 1! H-_rrir.kurl:cene.
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#4-1: To develop an orientation /o the ge-

ography contained in this scene, locate by grid

coordinates (US#lg Overlay 1) the followhtg places

(refer to an atlas): (a) tlarrisburg, (b) Chesapeake
Bay, ¢c) htterstate 80. (d) Allentown. Pa., ¢e)

dltniata River, (f) Reading, Pa., (g) South Mountain,

(h) Delaware River, (i) St;db,:ry, Pa.. (/) Lyco,ning

Creek. (k) Penn. Turnpike. (l) Gettysburg, Pa.

#4-2: List arty other geographical features
and points of interest you may recognize in this
scene. Some of these may be singled out in subse-

quent parts of this activity.

'4_T7 - _]_ I I,_76- 3_ I I N_'39-3_ MI_76-NI
I IOCT'/'2 C _-28,,'1,,IB76-19 N /W_-18,44876-14 _ D SI.,IN EL37 R,?.150 191-11I4-N-I-N-D-2L M:ISR ERTS E-I_-1511_-'= Ell

Figure 4-2. False color composite image of October 11, 1978 Harrisburg scene.
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Superb as the 1972 scene is, it is actually
eclipsed by those shown in Figures 4-3 and 4-4.

This scene, also of the Harrisburg region and

acquired during October, but in 1975 and two
weeks later in the season, has been generated with

the computer routine (geometrical/radiometric

correction, destriping, contrast and edge enhance-

ments) developed by the EROS Data Center (see

p. 149).

#4-3: Examine both the band 7 and color

renditions of this 1975 scene. To evaluate the rela-

tive merits of the two renditions, look once more

for the same localities picked out _n #4-1. Compare
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their expression in the October 1972 and 1975

scenes. Then closely scntt#lize each scene ]br the

details in attd around the following areas (agabt,

consult an atlas as required) and comment on the

presumed impro_'entettts in the 1975 version:

South Mountain: Jarmlands around Hershey, Pa.;

Wilmington, DeL

#4-4: Can you spot at least one major addi-

tion to the 1975 scene of some man-made feature

not evident (and presumably not completed) bz

19727 (ttint: Think fluid.) Locate by Orerla.v 1

grid coordinates. What is it?

114877-30 V_ T?-_ I 14876- _B I ICBTIB-W I

2313CT75 C NaO-15/14876-22 N N_-15,44eT6-17 I'ISS 7 D SUN EL33 P, ZI49 191-3819-N-I-N-D-It _ Ei_TS E-22_-15gl_-7 81

Figure 4-3B. Band 7 image, October 23, 1975; computer-processed at EDC.
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COLOR PHOTOGRAPH

A VIEW FROM SKYLAB

Since we have focused our attention on this

overall scene of the Harrisburg and eastern Penn-
sylvania region, let us divert for a moment to con-

sider a characteristic product obtained by another

imaging system that operated from a space plat-
form. Figure 4-5 is a false color infrared photo

taken by the astronauts with the S-190 A film

camera (ltek Camera #3) from Skylab-3, at an

altitude of about 43I km (268 miles). The pic-
ture was acquired on August 16, 1973. At a

nominal scale of nearly 1 :1,000,000, it covers
a distance of approximately 130 km (80 miles)

Figure 4-5. $kylab's 190A photo taken on August 16, 1973 showing part of southeastern Pennsylvania.
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from left to right.This particular photo was shot

at a slight angle off the vertical, and so distances
and _ound resolution vary somewhat with posi-

tion from the nadir point (i.e., the instantaneous

ground point lying vertically below the viewing
platform). Under optimal conditions, a resolution
of about 70 m (230 ft) has been cited for the

camera/spacecraft configuration.

#4-6: The location of this Skylab scene

should be obvious. You are invited to compare
this rendition with the same-scale October 1972

and 1975 Landsat scenes and draw your own

conchtsions about relative merits. Suggest a reason

for the donzinant bhle hue in th;.s color IR photo.
particularly since response of vegetation (as red

tones) should be high in August.

Perhaps the most spectacular set of Skylab
images of the eastern United States were acquired

by the Earth Terrain Camera (S-190B) during a

northeast pass from Louisiana to New England

in September of 1973. Images taken during that
orbit have been joined in an uncontrolled mosaic

strip prepared at the Johnson Space Center in

Houston, Texas. The mosaic that extends across

southeastern Pennsylvania, from west of Harris-
burg to east of Allentown, is included as a fold
sheet in the back pocket of this workbook. Color

processing has eliminated the blue hue which

pervades Figure 4-5 but the resulting image departs
somewhat from a natural color photo (especially

evident in the river waters). Nevertheless, this
is a striking rendition wittr which you should
become familiar.

#4-7: The Earth Terrain Camera flown dur-

hlg this Skylab-3 mission has an optimal resohttion
of 30 m (98 .It) in natural color photos. L:ramine

the Skylab mosaic. What new features can be
identi3qed in this 1:250.000 scale mosaic?

APPLICATIONS -ORIENTED

PH OTOINTE RPRE TATION

Atmospheric Effects

During most of the remainder of this activ-

ity we shall also use examples of the Harrisburg
sc'_ne from other dates. However, keep the splendid
October 1972 and 1975 Landsat scenes and the

Skylab _a:_saic on hand as standards of reference.

Let us continue by trying to identify some
obvious leatures. In the black and white rendi-

tions of 1350-15190 (Figure 4-6A and B), look

at the whitish feature marked by arrow A just
east oi" Allentown. Pa. Compare this with the

equivalent area in 2868-14471 (Figure 4-8A and
B). Note the dates each scene was imaged.

#4-8: W/rat is the most likely explanation?

#4-9: Do .rou thhlk the same e.vplanation
holds tnle for the whitish feature under arrow B
as shown in 2868-144717 What altenlative explana-

tion(s) can you propose?

_4-10: Examine bands 5 and 7 ]br each scene
(Figures 4-6,4 and Battd 4-8A attd B). ht which are

the features A and B best displayed? Why?

"-4-11: From this pair of observations, can

you suggest apo' practical use of Landsat imagery as
an enrironmentai monitoring tool?

_4-12: What is an obvious limitation to this
use?

While we are still thinking about above-
surface phenomena, let us reexamine the black and

wifite and color renditions of the 1350-15190

scene (Figures 4-6 and 4-7). Compare these with
equivalent images from the October 1972 and
1975 scenes.

_4-13: What is your general assessment of

the quality of the !350-15190 scene co,npared
,ith the Cctober scenes?
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_-4-14: .Voting the date of acqttisitiol:-Jul3

1973-of 1350-15190 and recallhrg the O'pical

summer clh,rate in tire eastern United States,

offer an e.x'planation for the seeming degradation

of tire #nage quality. Which band displays the most

degradation? Why? lChich band shows least effect?

Why?

=4-15: IChat might be done to hnprove the

quality of this image? (Some knowledge of com-

imter processing may be necessary to attswer this.)

el_.;L_ _ " ',,'_P- 9,:.._"9-9 n N "tal_- ?/laG'6-2 _ "SS 5 2 -.-"jN EL6e qZ.' 9 'gl-aS?9-N-I-N-D-2L NRSR ERTS E-125_-T5'3_-5 ;_

Figure 4-6A. Band 5 image of Harrisburg scene obtained by Landsat-1 on July B, 1973.
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Figure 4-6B. Band ? imageat July 8, 1973 scene.
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Figure 4-7. False color composite image of July 8, 1973 Landsat-t scene of Harrisburg and southeastern Pennsylvania.
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Figure 4-8A. Landsat-2, band 5 image of Harrisburg scene, June 8, 1977.
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Influence of Sun Angle

Now, examine scene 2888-14552 (Figure

4-9A}. a band 7 winter scene covering tile same

region. ,lot down the Sun elevation for this so:he

in your notebook.

#4-1&" Overall. what bnprovements hi sci,nc

ddi'nition or quality are evident in the winter

scene? Wh.r? IWti('h ]'valtzre$ show 1111best?

Figure 4-9A. The southeastern Pennsvivan,a scene, band 7, imaged by Land_t.2 on December 10, 1976.
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#4-5: Look at equivalent sections of the
mountaOz ridges (fold mounta#zs) #2 the band 7
images of the October 1972 and October 1975

scenes. ,Voting that the gray scales for each scene

i:ave about the same level or tone lbr correspond-
#tg steps, describe the evident difference in tone or

gray density in these mountainous areas. Can you
account for this?

..' "...' ,.' . .. . .',

Computer-generatedfalse color composite October 23, 1975 Landsat-2imageof easternPennsylvania.
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#4-1 7: I.'rom a radiometric z'icwl;oint, what

disadvantagt' is there in wintt'r imager.r' (llint."

Note the overall tone/Cl,t'l o]" the image, think or"

this as a ]'unctk,n o]" light intettsit.l', attd remem-

her the use of spectral signatures to idetttifv

j'eaturcs. )

DEL.

Figure 4-9B. Geototji_=; ,iia_, uf =o,st;,_aste,,, ,"c,=r_sylvaa;a (see text}.
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A Combustible Topic

Next. look at the large mottled features

shown under arrows C and D in band 7 of 1350-

15190 tFigure 4-6B). Check these and similar

features as they appear in this, the winter scene

tFigure 4-9A) and 2868-14471 (Fit,rare 4-8B).

You are looking at the Blue Mountain area of

the folded Appalachian motmtain belt. The

largest nearby town is Hazleton, Pa.

#4-1S: Can you ]bed this town: what are its

grid coordinat,'s (Orerlay 1)?

Other welbknown (to natires hi" the region).

smaller towns nearby inch,h' Pottsrille. Shamokin.

and Jim Thorpe (Mauch Chunk). What is this area

]'amous ]or (a tnhthtg product):'

#4-19." Look closely at the area aroutM arrow

C as showt! ill bands 5 and 7 of 1350-15190 (locate

on your own the equivalent area in 2863-14471).

Describe the tones at C in Band 5: Band 7.

#4-20: fhnv does this area appear in the

color cmnposite of 1350-15190 (Figure 4-7)? Spec-

ulate on the explanath,t ]'or the darkest (b!ackest)

spots ill this attd ct,nparabh' arcas. Also. girt somc

explanation ]'or the red tones in certain areas v]" the ......

color composite, as at arrow E. which are marked

by darker gray tones in band 7 of 1350-15190

(llint: Think reclamatiott.) Al'tenvards (don't

peek now.t) read through the htserted discussion

on page 120. which treats this and related points

dealfltg witit questions #4-18 through 4-23.

#4-21:_ Now, note the feature in band 7 o1"

1350-15190 (Figure 4-6B) indicated under arrow

F. This is lust west of the Lehigh River near Jim

Thorpe. What are you lookhzg at in this 1973

scene?

#4_2: Also, note the arrow G feature in

2868-14471 (Figure 4-8B). What is different in

the 1977 scene? Are there, any real and lasting

changcs (,'xplain)?

#4-23: Other. rery subtle, changes ma.v be

recognized #t the 1977 summer scene but these

require a practiced eye. Can you find any change

near arrow 11 in band 7. 2868-14471? Then. look

elsewhere throughout this scene and crosscheck to

the l 9 73 scene ij'you encounter any feature that

has changed, is transient, or seems new. Describe

.rollr obscrralh)tl&

An Entomological Challenge

You are by now becoming :_dept at the art of

change detection, but here comes your big

challenge. Look under arrows I. J, and K at the

dark toned areas in band 7 of 1350-15 i 00 (Figure

-,LOB). Compare lhese and other areas with band 7

of 28t_8-14471 l_Figure 4-8B), _md 2904-14450

I.Figurc 4-10B).

=4-24: Describe the gray tones under the

arrows for the 1473 scene. Locate the approxi-

ittatell" eqttirah'nt arc'm" ill the 1077 scene. 11ow do

the gray tmtc's differ o rerall?

"-.4-25: �low do the same areas appt'ar ill the

band 5 image for 19 73 (Figure 4-6..I)? bt bated 5

o.f 10 77 ( l.'it, ure 4-N.-I )?

#4-26: ltow would you describe the color of

these three areas (arrows 1. J. K) in 1350-15190

(Figure 4- 7)?

#4-2 7: What color difference exists between

this and other parts of the mountain ridges in

1350-15190? Do the color and gray tone of the

arrow-centered feature (pattern) hz band 7 of

1350-15190 (Figure 4-6B)differ from that o]'the

coal waste areas in the same scene? In what

wayts)?

#4-28: What color best depicts the equivalent

areas in 2904-14552 (Figure 4-I1). imaged in July

19777 Does this show the same variations as in

1350-i5190 (Figure 4-617 Comment.
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Inserted Discussion for Questions

4-18 through 4-23

The areas observed ;is mottled patterns in

both 1350-151_)0 and 2808-14471 (as well as

1080-15185. 2{_88-14552. and :'-)04-14452) are

part of ,I vast belt of anthracite coal [h:lt was strip-
mined to some extent in the It)40's and It)50's.

I|et\_re th:lt. Iwedotllillatltly t,iitlergr()tllltl mini,g

h:ld cent[ruled sit:ce the last century. Much of the

coal tk'o, lrs in steep-dipping g'allls within tile ridges

but the v:dleys ;list) contain shallow, often flatter

seauls that can !'_.' stripped economically. Many of

the lower areas arotttld Wilkes-Barre and Scranton.

Pa.. westward through Pottsvil!e. were laid bare by

stripping before any environmental n.'cl:uuation

I_et'allle ill.'lnda tory.

Most of this area now consists of spoil pile

wastes and s_:lall lakes dainnwd by tile piles.

Active stripping is cttrrently at a minin:um but

tllally of tile i_iles are being rcworked. Sonic

reclamatit:n [tree planting and regrassing) is e:'en

i',OW tinder w;ly.

Many of the darkest spols, which appear lake-

like in batld 7. ;ire surface deposits of teal I_lles

(small sized particulatcsl obtained during the

crushing and wash[at process applied to Ix_th

surface- and underground-extracted coal. They

:ire placed in banks or abandoiled strip tilts. Some

acculllllla[¢ in ponds and l'Orlll a waler-c'o'vered

coal slime.

The rate of m:rface stripping has ahnost

reached a standstill in this part of i_ennsylvania. To

the west in Clarion. Jefferson, Clearfield. West-

moreland, Somerset counties, and ei._whcre, sur-

lace stripping of individual workin_ advances at

rates of 10 to 20 acres per )'ear t._e Figure 9-31).

This is well within the detection capability of the

Landsat nlultispectral _-anner when ._enes fl['Olll

diffcrent years are compared.

The enlarging lake west of ihe town of Jim

Thorpe (see question #4-21 ) has been generaled by

Ihe l)eer Creek l)anl. This dalll was COlllpletcd ill

It)71. SO ilia[ the smaller lake detected in Landsat

imagery acquired in July and August of the next

year tsce 1080-15185) represents early stages of

filling after winter and spring precipitation and

runoff.

=4-2o.. l,mk ,, thr ba,d 7 #,agt' of 2SOS-

144"1 to ]hl,t eric or :nero ,ircas that show lhc

s_ltll¢' dlll_ro.vimdtt' gr_ll" !oil(' h'r('ls dS ill I.?.¢1) -

I._100. .\'oil' that silnihtrl.r go/it'd art'_ts tt'/I,l to

,lss_)t'hlt(' with otw p_lrtit'lddr Idnd.filrttl (liSt' ._'/hll_t'

,is |t'cll). II'hat is that hutdlimn?'

=4-.¢0. ' /)(it'S lilt' :itlOltl_ilOltS ,fft'_ll" tel[l(' p(lltt'rPI

(.timnd mainl.r witll this huldll)rm) considcrt'd ill

,itit'stionx :4-25 _uld n4-_'O shmt" up ill lilt' ,_lmt' or

,li(t_'rt'nt I_hlct's ill the l O ".¢ ,ind 1 o -" sccnt's?

_4-.¢1." .Vow. using a red greas(" Iwncil. out.

lint" on Orerla.r ! t th(" areas in th(' I),u;d fi)r tht" 1 o 7._

sc(m¢ (1350-15100; FL_'uR" 4-0) that are character-

i:t'd b.r th(' distht('ti|'(" gra.r ton(' it't" hare bt'¢n

t'vaminitlg, l 'st" (t st)li(l line fi)r this ()tttlin('. 19o the

._une fi)r t'ithcr (c)r bc)thl of the summer 1077

s('cnt's (2S_S-144 71: l.'igur¢ 4-7. and 2004-14552:

I:_ure 4-1 I) but mark boullthtr.r outlines with a

grt'('n _uld a bhw gr('as¢ IWnt'il rt'sl)¢t'tirt'i)" (or

thlshtd ,rod th)tlt,tl /i/it,d if t'oh_r markers art, tu;t

arailabh').

I'l'his ovethy is usetI several ¢iI;cs in {hc_, acla'ilics. Rc_m,_'e

ptcs'k_ls Iil.llrkin._s v.hcr¢ ex|_.'dienl.
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Figure 4-10B. Band 7 image of July 14, 1977 scene.

121



ORtGtNAE PAG_
COLOR pHOTOG._PH

Figure 4-11. The July 14, 1977 Landsat-2 scene of southeastern Fennsylvania shown as a false color composite.
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#4-32: To what extent do the outlined areas

lbr the scenes chosen overlap?

You are now invited to speculate on the gen-

eral nature of the feature you have been comparing

in several scenes from different years. Refer to
Table 3-3 and Rule 3 on page 102 for useful hints

about its likely identity.

#4-33: List your first, second, and third

choices fi_r tire identiO" oi" this feantre.

#4-34: Account for any differences in areal

distribution (geographical location) and charac-

teristics oi" the outlined feature.

Now, turn to the top of p. 126 for a happy message!!

#4-35: 1I" available to you, e.ramine any
other Landsat imagery J'or the current or most
recent )'ear that covers this eastern Pennsyl-

vania region. Search appropriate bands for any

evMence of active defoliation. Describe your
observations, with special attention given to

comparisons of currently and previously affected
ureas.

#4-36: The gypsy moth delbliation areas

resemble the tonal signature of the phtewoods

in the Pine Burrcns of .\'Cw Jers'ey us shown in two
bands in scene 1079-15131 (Figure 2-3: see also

Figure 3-4). but these areas display a distinctive

dil]Orence in a third band. |¢hich band shows this

critical difference? Try to offer a reason for this.

#4-37: Before leavbtg the Hazleton area, tO"

)'our hand at makhlg a general purpose inter-
pretation map showbtg the distribution of major

classes you can identi_'. Use the color enlargement
of the relevant section from 1350-15190 provided

here as Figure 4-12. Also use the black and white
aerial photo (scale 1:78.000, taken on October 12.

1976, Figure 4-13) and the 1:250,000 AMS Map
NK 18-11 (Newark SheeO as other sources of

ground information. First, delineate the boundaries
of this enlarged area on Overlay 1 placed over
1350-15190 (Figure 4- 7) and use this sketch again
to block out the same area ht any other Landsat full

scenes previously examined whenerer more data
are needed. Next. fasten a piece of thht trachtg

paper (or a c&ar plastic _heei) o_ei Figure 4-;2.

Then lightly outline tire boundary of the aerial

photo (Figure 4-13) on this overlay. To get you
started in making an interpretation map, we have
selected some "training sites" for most of the

common surface classes present in tire scene.

These have been placed on Figure 4-12 but, in
common practice, wouM more likely han,e been
drawn on a separate overlay. Assume that the

identified class or surface feature is distributed

immediately around (without boundaries being
shown) each keyed letter. Complete tire map by

outlining the boundaries of the classes you recog- -

nize throughout the enlargement. Use the patterns
shown below to indicate each class within its

boundaries at the various locations in the scene

where you recogni:e it.

Feature (andkey letter) Pattern

Rivers

Towns(T)

Roads

CoalWorkings(M)
(stripareasandspoil
banks, undifferentiated)

DeciduousForest:

Nondefoliated(N)

Light to
ModerateDefoliation (L)

Heavy Defoliat;on (H)

AgriculturalLands(A)
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Figure 4-12. Enlargement of part of Landsat scene 1350-15190 covering Hazleton, Pa. area.
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Figure 4-13. 1:78.000 aerial photo of Hazleton, Pa. area.
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Inserted Discussion for Questions
4-24 through 4-34

You are now a qualified photointerpreter!

You have just done an operation in a few
minutes with Landsat that could have taken weeks

or even months with aerial photography and

ground surveys, at a cost of tens of thousands of
dollars.

You have outlined the extent of defolia-

tion by the Gypsy Moth-a hungry scavenger that
prefers hardwoods. This destructive insect has
caused millions of dollars in damage to deciduous

trees in the eastern United States during this

decade alone. The history of gypsy moth damage

and the economic implications of this deloliation-

along with the value of Landsat as a damage moni-
toring and assessment system-are touched upon

again in the Summation Chapter (pp. 389 ff.) of this
workbook.

Tile damage shews up simply because tile

principal reflectors, the leaves, are almost com-
pletely removed to expose the understor.v below
111e trees. This tmderstory, consi>ts of shrubs and

bmsly foliage, soil. and bare rock. The mfrarcd

reflectance from vegetation is significantly lowered

in tile defoliated areas: this greatly reduces tile red
tones as well as any blue tone input from band 4.

The gray levels for all three bands are generally on.

the darker side. The effect on a color composite is
to produce subdued reddish tones with gray to

gray-brown overtones. A similar tonal signature is
noted in tile coal waste areas because of the

nat:;raily darker s:_rfaces and sparse vegetation.

Fortunatelv. nmch of the damage is not per-

manent, and chewed or stripped trees usually re-
foliate in the same season or by the following year.

This too can be monitored. The comparison you

made between the 1973 and 1977 color composite
scenes clearly shows that nearly the entire ridge

1)7., had recoveredsuffering extensive damage in t -
soon afterwards, but new areas were under attack

in 1077. The mid-July 1977 scene (2904-14452;

Figures 4-10 and 4-1 I) shows that while some of

these new :_reas attacked by the moths earlier in
the year had since refoliated, several newer areas

were experiencing infestation as the season ad-
vanced.

Two computer-generated classificathm maps
corering stp,alh'r sections o1" this Hazh'ton a"a
scene art" rtT_rodttced in ..Ictirit)" fi as l:t'eures %35

attd 5-36. accompanied b.r a discussion on how
the)" wer," produced attd what tho" show. Omtpare

your I_hotointerpm'tath)lt map with these computer
elassilh'ations.

#4-3S: Itow well does your map cohwide
with the principal classes hz Figure 5-35? Where

(what) are the main areas (categories) o]" disagree-
tllelll?

To continue, let us set" what other fairly
obvious changes can be detected in Landsat

imagery.

Geological

We shall next investigate tile July 1973

IFigures 4-(, and 4-7) and tile December 1976

IFigure 4-t)A) scenes of tile ttarrisburg region in
terms of evidence for the geolo_cal character

of the Appalacll'ians and adjacent terrain. A glance
at the color composites for this region suggests

Features

that we might have considerable difficulty in
recognizing rock (stratigraphicl unit,, and certain

other donlnlon geological phenonlena because of

the usually heavy and extensive vegetative cover.
._,s a _,'n,'r:fl rid,-, tb.ese unit:; are not well ex-

pressed or even dis,:-,'rnible in Landsat images for
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regions where vegetation cover exceeds 25 to 30
percent of the surface .area; in such regions, soil
cover is "also extensive and rock outcrops com-

monly cover less the, I0 percent of the surface.
This surface condition is largely true for much of

the eastern half of the United States. Comparison

of kandsat images taken over the entire United

States, as shown in the NASA book, Mission to

Earth, indicates strong differences in the content
of observable geological information between

typical western scenes (Wyoming, New Mexico,

Utah, Oregon), where vegetative cover is often less
than 30 percent, and eastern scenes (New England,
North Carolina, Alabama. Ohio, Kansas), where

forest and gross cover are dominant. However,

with some training and experience, more can be
extracted from many eastern scenes than initially

meets the eye. Band 7 and winter (low Sun angle)

scenes are particularly helpful.

#4-39: Why can more geological features be

detected in the infrared and in winter scepes? If hat
kinds of geological information are reasonably well

revealed?

#4-40: Can you ]bld evidence of any individ-

ual stratigraphic units (formatiotts)? If so, locate

these by grid coordinates. Otherwise. explain your

faihtre to ]_nd any units or outcrops. What pizysio-

graphical province (see page 45) is best displayed?

The Piedmont, which occupies most of the

lower right diagonal half of these scenes, is a region
of ancient crystalline rocks whose structural _ain
is well displayed by Landsat imagery. A series of
volcanic dikes in the Piedmont appears at arrow L
within 2688-14452 (Figure 4-9A). A linear belt of

metamorphosed sedimentary rock units, some

:eparated by faults, is touched by arrow M. Parts
of these linear features are associated with higher

densities of trees (ferest rows), that _ow prefer-

entially because of differences in soil composition
a_d moisture content.

The geology of a northeast-trending region
running from approximately York, Lancaster.
and Phoenixville to the south and Harrisburg to

Reading to the north is controlled by a complex
zone of somewhat metamorphosed lower Paleozoic

sedi_i_eiUary rocks and ,_dd_h _.J _,_,ish T_a_i_

sedimentary rocks, interspersed with old granitic
rocks (arrow N) and Triassic basalt (trap rock)

filling steeply dipping dikes (arrow O). Forests
tend to cover the granitic and basaltic rock units,

which usually form more hilly terrain.

A broad area between the previous region and

the front along the folded Appalachians, including
the towns of Harrisburg, Hershey, and Lebanon,

is largely underlain by carbonate rocks. This low-
land is generally considered a northeastern exten-
sion of the Shenandoah Valley of Virginia, and is

known locally as the Great Valley. It widens and
continues through the Allentown area to the north-
east.

The northwest edge of the much younger

coastal plains, consisting of marine sedimentary

rocks deposited along the Atlantic (ocean) coastal
shelf during the last 70 millien years, appears in

the southeast corner of al.l examples of this

Harrisburg scene.

With this quick review of tl-" geologic makeup
of southeastern Pennsylvani" yeu can better

appreciate the level of infonn_.tion in the Landsat

scenes in relation to the known geology. Figure
4-9B is a copy of part of the State Geologic _,',ap of

Pennsylvania, reduced to 1:1,000,000 from the

original scale of 1:250.000. No legend is included

in the figure but. by careful examination of this
map copy, you should find the letter symbols for

the different stratigrapi_ic units. For example,

St refers :o the Tuscarora formation of Silurian
age. The first letter of each symbol denotes units

of the following (increasing) ages present in the

map: Q=Quaternary: _ =Triassic:P=Pennsylvanian.
M=M ississip pian; D= Devonian: S=Silurian; O=Ordo-

vician;-C=Cambriar: X=crystalline rocks of Pre-
cambrian to early Paleozoic Age.

#4-41: Which scene-summer or winter-

seems to help you to make the best match to the
stratigraphic rock units depicted on the map?

#4-42: By glancing back and forth between

Figures 4-9A and 4-9B. describe the geological

]eatures (without specilically identifying units as
to rock type or age) at arrows P. Q. R. and S

(Figure 4-9A ) in terms of topographical expression,
subunits present, and degree of correspondence

(goodne__ of fir) of malor bounaanes.
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#4-43: Then, pick out any three areas wherc

you fltdge the correspondence between mapped
geology and Landsat expression to be poor. btdi-
cate these by grid coordinates (Overlay 1).

For most of the eastern United States, the

lack of good rock expo,.ures (owing to thick soils
and extensive vegetation cover) has prevented wide
use of Landsat for mapping geological units or
alteration effects around ore bodies. Howe,er, as

just sho,vn, much can be learned about some

aspects of the regional geology in terrains where
tectonic disturbances are mirrored in topography.

Areas of moderate or high relief generally corre-

spond to structurally controlled differential
erosion. Folds, faults, and joints affect the pat'.erns

of landforms in distinctive ways that are frequently
revealed-and sometimes exclusively-in the syn-

optic views of Earth from space.

#4-44: Some of the geological features in

the Harrisburg area are distinguished by a distinc-
tive linearity (for example, dikes located at arrow

L, Figure 4-9A). Over much of the Piedmont, sets
of steeply dipping, narrow Triassic dikes occur
as isolated individuals or swarms that trend gener-

ally North 30 ° East. These are shown as thin red
lines on the geological map. Look at bands 5 and 7

of 1350-15190 (Figure 4-6) and 2688-14552
(Figure 4-9A). Can you find a trace of any of these

dikes, especially in the areas corresFonding to the
lower third of the geological map? tChich band
seems best to show any detected dikes? lChy?

Did you note an.v Iineations not on the map that
might be dikes with the ,V30E orientation?

By far the most frequently cited application
of Landsat data to geolcgical studies has been the
recognition of lineaments, particularly those ex-

pressed as topographical features or discontinui-
ties. These lineaments are usually joints, fracture

zones, or fault breaks in the outer crust, often

made visible at the surface through erosion, which
carves out weaker materials. Their detection in

Landsat imagery is due to several indicators. The
most direct and obvious indicators are physio-

graphical expressions such as elongated valleys,
linear, commonly aligil_d stceam cl:am,el_. _ap_.

depressions, and abrupt discontinuities tfrom

juxtaposition of rock units of diffeff.ag degrees of
resistance). Less direct, but often diagnostic, is
the association of moisture and vegetation along

the lineaments. Generally, the lineaments are

revealed iv '.r,%es by distinct, sharp tonal bounda-
ries consisting of a lon_ thick, dark line or a

somewhat wider band abutting against lighter
tones on one ol both sides. This tonal pattern is

caused by shadows aleng scarps or depression

walls, by darkening moisture, or by a concen-
tration of trees in a higher moisture zone.

The I_near features, as seen at Landsat resolu-

tion, are normally at least 2 to 3 km (1.2-1.9
miles) in lengm. Many ex::nd continuously, o¢

more commonly in discontinuous sections, for

distances up to several hundred miles. Most large
linear features are associated with major faulting;

these megalineaments frequently occur as single
features, but in a structurally disturbed crzst many

individual fractures will be noted in a variety of
orientations so that intersections are common.

The lineaments may be straight or curvilinear

(in segmented or concentric arcs). _aose linea-

ments expressed as close-spaced, cnss-crossing
sets are more likely to be joints than faults. Meta-

morphic rocks commonly show a structural graio-
expressed mainly as linear bands-which results
from foliation or other factors that Mter resistance

to erosion. Such a pattern is especially conspicuous

in tl_.e Al'palachian Piedmont terrait, we have just
looked at.

To geolo_sts, detection of lineaments

assumes prima_ importance. Such natural linear
features can disclose much about the structural or

tectonic history cf a re,on. ICaults are _he loci of

earthquakes; thus, ',heir detection may be of vital
interest in protecting life an.. property. Engineer-

ing decisions as to locating large darns or power
plants or to predicting landslides must take into
account the presence of faults. Faults are often the

critical factor in localizing petroleum, ground

water, and many hydrothermal ore deposits.
by guiding or trapping the fluids as they are era-
placed. Intersections or curvilinear fracture zones

are particularly favorable sites.

Obviously, some linear features are not geo-
legical in nature. Many linear patterns are asso-
ciated with Man's activities.

_4-45: .Va,tte fi:'e such ct:ltural pa:tcms.
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llw,,_" an: oftt.n ,:olttizscd with g¢oio,r,k'al li;:¢,:-

_wnls. ilowt.w,'r, lint.:lr I'ealtm,,s 11131 ;in." marly

kdomet_.'r._ in It.ngth, :ul" SOtllt'Wh;ll irrt'!,ular alld

di,_conlhluou_, ;lltd :ire I't',tnd hi wilderness terr:lht.

tv,';ly from cities, dt.,,'eloped I:uld. or olht.r works

¢_!" 111;111, ;ILL" mO_t likt.ly to bt, n.'llUr;ll.

Prol_:llqy no oilier ol_._,t.rv:itiOll,'_ 1"1"o111L31tds:lt

it;iV|. C;Itl,_t.'d ;IS Illllt.']l ¢Ollfll_i(lll ;lilt] ¢¢}lllroYt.l_y

I_ IIl_,_*..' o1" lillt.;llllL'ltl, ¢,. /% lyl_iC:li C;I:';': ill point i._

I,_r ;I I'uil I.andsat scene in whk'h :l total of thz_'t'

Illlldft'd lillt.,;llllt.nl_ art. reporlt.d by ft'qlr illVCMiga-

Ior_, each an;.lyz.hlg lht. _;1111t.,._Ck'llt."hldt.,pcndt.'lHly.

!'t.rll:zp_ only 20 of Iht.st. lim.'amt.nts wen., idcnti-

tit.d ;Is tht. ._amt. by all four I_,'opl¢, 50 by thrt.t.,

It}{)by two. aridthe rcnlahldcr ;in." "'Oil|. 0|" ;Ikilld'"

,_l'_crvalit_ns.lllere are tuaIKveXlq.ttlaliortsfor this

discrepallcy, il_¢ludhtg opt.ralor bias. inisl-'ikesht

_dcnlilym!: ,.::dlur:lll'e'.llure.,;;l.sn-'tlur:dorlt's,and

_ll3dt.'qll_ll_,."crlD,'ri_l l't'q"l't'O,'q.:lliliOlt.

:t.1-4¢,: I'hlts ,).f the ,_ricnhztio,s ,ll'fr, tctttrcs

m,l ,Itht'r liltt'¢llltl'ltl._ (tlStt*ll/V ,15 "'fill| hixt_ IgrlllltX'"

.r "'r,l_'c" dhlgrdms") ,h'h'Ctcd ill l.attdsat itn,l._¢rt"

]|1 It| °-d tt'lldt'ttt'.l" .f'_lr _ill (l/lll,_rtt,lllV I, il 't' tltlttlbl'r

:,1 tr,'ltd ill d it, lrlhc_L_t-._otltl:wt'sl dir¢'_'tt_m _ittd d

_]i,lt'_'ilt" ,i.I" l/lOSe" _lrh'ntcd 1,1 lilt" tlc_rthwcst or

,,_llth,.'_t,s'l. (',lit I'l}ll ih'llll,'c" ,I r,'_L;on .lilr t/Its? _

t flint 17tinl_ sh,l, hlu'. )

I_.'spltt. Ih¢ ¢_p;l:lslVt. ¢ovt.r o1" II't't.x ;llld gr;isx

ul solllht.;Islt.l'll Pt'llllx.vIv3lti;I. st.vt.ral m_t.Mig;|lors

h.l_.¢ hw;llt.d ;i |.lilly I;ll'gz ° ilUlllbt.r of lilw:lr I't.;llllrt'x

_ lilt" II;irrisl_urg Y,k'I'IH? ,IS P-'lrl of ;I proit.¢t to

prOdllet" .I lillt'illllt'll|S IIl;Ip of I)lt" till|r|" Slillt" b;ISt'd

,+_1 iatldsal ol_,_¢rx;Hlons. Ik'l'ort. eXiltllillillg Iht'ir

I_'NII[IS. yoII %hOllltl |lX }otir [l:llld ill dk'|¢t'|lllg

I lit'st' I_';I I I,I'CS.

:_.1-4" !'_1 rrm this ,tn,i!l'sis. pI, IcC tracing

• ,al,cr , H'cr the h, tltdx 5 ,tttd " im,ttl('._ (l"i.k'urcs 4-.I

I drill I;].lr,_nt tilt" (h'bd,cr Io75 I.dttdsllt ,_rcrlnlss'.

t lldc]_-llhtlttilhtttoH ¢lf" a mlttsparettcv _ltt d light

:,ihh' i._".¢cncrdll¢ ,t stqwrior w,tv to hi.q/flight Imcur

t,'dttlT,'S. ) I:'A',ztnilt_' the" ilthlgCS l_lr ,z .li'w mimttt';;

:,Ct;)rt' ,lrawitlg ,l,_v lilies. 17;is ._'h,_tthl gn'c I',)tl _l

g','li,g ti ir the ditfi'rc,t ,'h,lr, lctcristics ,)f,l, v linc, t-

"_l,'ttlv !it,it Ilhll" dppc, lr I_) I'OIl. Ill I_ICI. II IN _ld"dll-

[d.L_I'IIIIS I, _ deer, h" ,.l ,I set _lf crilcrht l_)r rcc, lgniz-

:tt tl _inc, ll tc, tturcs (and ._-td,diridittg these ittt,_

,tdtt4rtll ,lthI tt41lto'dl i',ll¢'._,_t'ic";) dthl. ,I._ t'cffl ('drru

:'ut .|':.:zr d¢fim'athm.;, t_; .;'tic_ ;;'ilh /hose crih'ria

unh'._s st,|re COmlwlling erhh'nc¢ fitrccs a m,)d/J_-

cdth_lt. 3hlrk dtl.t" lin¢'_lr f('_ttt4r('s h)ttgt'r than ulhottl

I cm. maktng a red. dottt'd line ahmg features

crhh't|t ,)nit" ill tile bdttd ._ image, a n'd dash,':l iinc

for (llt I' ltt'tt.._" .li'ltttlr¢$ ._'('t'lt O lily ill t_tllt( I. 7, _lnd l! rt'd

xolid line _I" tilt" linear ]_'aturi" is risibh' ill Ir_th

#¢llld.t'. ro hi.lit .i.oll ;t',lrll It) rc'='o,_lliZc' /hi'st"

J'cattlrts. train itll d ('Ottlpi('llOtl$ It/war ]i'altlr("

o('ctlrrin.t: /,t'httt" grhi art,a H-.._(I (01"trial" i)in the

Ochthcr $('t'/t¢'. FA'_Imiltt' it clltd riot( ° its inlIuenct'

,Ill ht('(li topogmtdly. The .ecological Itttil_ (l"i,_tlr¢'

4-qB) rt'l'('dl._ this fcdltirt" tit lit" till ca._t-wcst

trclrling l;_ult ,q']:_'¢'tting (',mthrfiin str,;ta at South

,llolml,_in.

I)o Ihis now--you should nt.ed :ll_t_ul 30

minutes 1o survey Iht.se two I_ands. Tht.n put Ihe

set.lWS as|dr, lind lakt. a cot't\'e br¢;ik. Rt.lum. lind

look ;Ig:lill t'or :l few Illilltllt.S. Invari:lbly. sonw new

lit:c:lr fcalurt's will ._cent 1o malt, ri:iliz¢, lit.fore

It.aving the scent., you may wish Io look ;it the

dolor composilt. (Figurr 4-41. If ally mort. linear

I't.;iltlrt.s art. spollt.d in Ill:It rclzdilion, not|. Ihem

with :i _,reen dolled lint..

Nt.xt. look -'ll any of Iht. su|nmt.r imagt.s

tort.ring tht. Ilarrisburg Iram¢ you makt. the

choit'¢. ()11 lilt. _ll|lt. Ir:lt'ing p;ll_t.r. Ill,Irk ;lily Ilt.W

lint.ar fe:lturt.s will| a bhtt. pencil. Also. look to xt.t'

if any of Iht. geologic:d litw.uut.nls piekt.d t'rolll Ihe

O¢lobt.r set.he fail Io show up. If .,a_. place a bhtt.

lint. ;letoxs tilt. tnitlpoinl of t.;|ch Sllch I't':llUrt'.

a4-lN: .Vow. plllCC ,t ttcw sltcct o.f trdcing

p,q,¢r ort'r the Ih'ccmlwr I 0 70 ._t't'nt' (I"igurc 4-q.'l ]

I'1114 ('_,ltttlllt'd ('arlicr lit lifts ._t'_th I_t" CA'c'rt't._t" l)t'=lw

I,r, lw, lincx orcr all tile linc, lr ]'caturcx rixtl,h" in

lhdl b,lttd _" ittht._('. Which ,Lttc I).f ('¢)l'¢'ra,qt" $¢'¢'1f15

h('M Stlllt'ti to d_'tt'('liott o.f |hI" IdIot'S1 lltll_tbt'r$ Of

lim'ar fi'atur¢._.' II'/t r ? ( Ilint." ( "__tltl_ltrt" Nun an._h's. )

II'hdt dO I'cltl Ihillk .rhc' ¢_t./'CCg c_.f ._'lloll" t'ol'cr IItOlhl

/,t' ttt etltldt,l._i.Ting hl;cdr .f_'dtttr('s,' ||']hit ClSt" might

Ithl_(" It W;.!ll('r .'q't'tl(' tttor(" (:[l_'t'ti|'t'." ( I/iltt. It'/tat i._

/ttis._ilt.tl ,i! t/tat time ,q" the" vt',tr?)

YOII should IIOW lurn Io Iht. nt.xl Iwo ligurt.s. Fig-

IIrc 4-14 i.s a rl.'l_rOdllCIiOll of Iht. lillt.;llllt.ll|S Ill;1|_

o[ Pt'llllS_l_,;llliJ prt'part.d 11o111 IAiiid._ll i111.lgt.s by

W. Kowaltk: oI'()I_SI:R ({)ll'ict' o1" Rt'lllOl¢ ._"k.'llXlllg

:Ko_.lllk. W.S.. I _e ol l a,ol_al I !m._.¢¢_v ;_ the .In,dv_ ol 1,1¢.

•g_f¢'_11_ /f' t*¢tl_lYil'll'df,,_. _|._. |"ht'%l%. Pt'llt|_ I_;lltLI ._t.llc' |'glll_'lq|ql|%.0

I ') 15.
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of Earth Resources; Pennsylvani.l Sl,i[¢ LtifivcrsiD ).

I:igurc 4-15 is au elll:lrgelllen( o1" lhe parl of lllai

II1:11_ [hat ¢orK'sponds Io ihe I'ram¢ boundary o1"

IOS()-I 5 1$5 [Figure 4-1 ). Lmc up your !ratings

OII this Itgtlre [o Ill these I_olnldarieS.

=4-10." Roughl.r. what percent_lg¢ of your

Ihlcar l'_'atlirt's aiWroxiltrJtcl.v t'()it;('hlt' with thosc

o, tlw ORSER Ill_ip? l)hi .voll pick mogt" or .fcwt'r

litt('_ltttt'ttt$ t/hIll shoW!l On lilt' lIMIt?

¢;o back to ¢i!l.'r tile July Iq73 (Figure 4-_>) or

I)ecelnber Iq7o (Figure 4-qA) scenes (or both it"

you wisllL On the enlarged maP. Pick about ten of

the lili_.-alllL'lllS [h:ll you IIlisscd ;.llld. iiSillg SOllll."

landmarks iu the scene lhat yon Call alH_roximately

hw:_le m lhc map. try to fiml some cxpression oi'.

or cvidcnce for, these ill lh¢ s¢cues.

=4-50: Arc you conriu('cd or still skcl,tical

,ll_, }lIt lilt' r_lh#¢' ,_.I"Ilsill._l Lauds, it im,tgcry t,, ,h'h't'l

I,w.¢¢ lincur l'cat,rcs ,q'g¢,_hL_icaI ,Jrigin?

You may wish lo defer final judgment until you

have v.orkL.'d with a _.'olltl_Uh.'r-getler;.ltcd versioll o(

part of the Ilarrisbtlrg scene _see page |5q). m

which processing spc¢il]c::lly dc:;ignc'J t_ enhance

littt.ar I_';llures was carried oul.

Confidence ill detection of ,incur fealures ill

L:md.,_ll images will nccesurily remain low until

sonic reilson:lble IILIIlll'ler Of lhenl arc checked and

verified iu [he fiehi. This is usually a long. diMctdl.

;llld cosily process [leci.ltl,,._, of tile large areas illlLj

Of tel| flitted :nld inaccessible terrains involved. For

the ORSFR stndy, a fichi check di_'lo_.d couvinc-

ingly thai Inosl of thL.' longer rlorthwest-lrendhlg

lim,'amenlsare prob:d_ly rcal.The check consisted

of a oO km (40 ulile)traverse on fool along the

southwest trending Bald Eagle Mountain Iwest of

Iiarrishurg) in which the geolol._st was given a lis[

of confirmatory ground criteria, Of the 14 crossing
lineanlenls, strong evidence for 12 of IIle_, was

encountered duriug the traverse. Most of {11_._,'

lincament.s were t'otmd to I_, t'racturcd rt_k zones

with widlhs up to 2 to 3 kin. Their lenglhs were

mostly greater than 80 km (50 miles);._ismic data

stlg_es[ that these zones extend to depths greater

th:m 15 km I.I0 miles).']'he,_line:relentshave Ix'on

inlerpre{ed to be major zones of cnlsta[fracturing

Oral not necessarilyfaulting,as offsetswere seldonl

evidenl) lh;it may ¢ontimie throngh tile¢rus! eVetl

iut,,) the m:tntlc.

Agricultu ral Features

So inuch for linear t'e:lturcs-a controversial

bill cll;lllclL_ing aplqieatiorl ot" Landsat. Now, wc

sh;dl consider .,_111¢ :IsI_ecIs O1" lllose ;Igrit'tllllzral

practlC_,.s IIi;.ll may bc dch,'ctcd in the II;irrisburg
scenes. Although e;istcrn Pennsylvania is not

kno_n ;Is :i m,Lior agricultural Producillg Celllcr oll

,I Par with the (ire/It Plain,,,. itdoes supply Illllcll Of

Ilh" polmlilted rQ'iOl) with inli_ortanl foodslnffs.

SortIe of the' ;idvillll:lges of n:pelilive (scasou:li)

co, crate by Landsal will be evident fronl the next

few queslions, hcllfing us 1o bcllei" :lPfm:ciillc why

1"ctuotc sensing l'rom salcllilcspronli._s to be ;i

boon to the worldwide agricultural indus[_'.

=4-51: .tluch , LI"tilt' land s_mth ,m,i cast of tht'

.tbLh',l .ll,l_,d_l('hi, uls ix ust'd fi)r ,l, lirv .far;hint ,rod

.l_r _r_q_s sttt'h ,Is t'orll, o(tts, h,lrh't', wheat. ,tl]il#)

,llhl hdv. IOI'_II'OL _ltt(l .H'ltit fret's, lsill._ S('_'.'lt'S

((hilt'S] 0]" .l'Ollr t'hoh'¢. (h'scribt" hi tt'rms o]" slit's

,I;Id .drupes tilt, g¢ll(','al j_r;:: I_l"OUt patlt'rn n'ithDI

the I'i('_hnt,lt I,clt o]'r_dling hills southeast of Yor/_

,uhl Lw_castt'r to tht' SlLSqut'hantta Rilt'r m,)ttth.

=4-52: Dt's('tibe tht" nlaht change bt'twt'en

Junt' ,_nd Jltlr of 1977 in tht" status oJ" land rorcr

DI the" rollDl,l cotuttr.t" (irotltld La/lcastcr. P,L I.,:rrol¢

1" in l"i.k'urc 4-10..I I.

=4-53: From tilt' ol,st'rrcd pattt'rns of st4r o

rt_ttlldi/l,_ _ltlri_'tlltltr_tl I_lnds. Itl_l]t¢ a gut'ss dl_ottt

o,c l,rincip,d farming practh'¢ ill this. the ht'arthu;d

,Lf the I_'nn.?vlrunia Dutch ('oulttr.r. Illhlt." Kct7_ hi

mithl the/nlturt" of" the topo.t:r.lphy, s('¢" also l"igurt"
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_4-54: Wlhlt is the ma/,_r ,liU'cr,'nc¢ ill size

,lnd,,'{_r ,_ha/w Iwtwccn .f_lrltl5 ill the" ,_i()uthc,zstcrn

l'icdmont ,tn,t th{_xt' m tilt" ('_,i.:t,l[ IY, lins ritrthcr

xoutht'ti._'t (tlrotlltd tilt" _tt't'r r(k'/lg t'{_rttt'r o.¢" the'st"

I I, trrislmrg ,vt'_'ncs )?

,_4-55: ('otnl,,trc t/IC .hnw 10"7 ,v/t/ J,'v

I q "? L,/nd._,tt sccnc r,,'nditl_ ms o.t tilt" ( "c)t;._'h/Il'l, tins

./itrmhtnds mmth ,_.t" tlic t'hcs, q,c, ltic ,lnd l)cl, lw,lrc

((" & D) ( ",real (drrmv i ', l.'(_',rc 4-1liB) with n'spcct

to lilt" stage .:.; growth, l)cscril_¢ in gt'tlt'rl// tt'rms

(pcrt'ctlhtgt" t_.f" l,h)wt'd Idt:tl. gr{)lt'itlg t'm)px, t'IC..)

tilt" m,lhlr ('lt,t/I.t_t'X ill lilt" .¢f5 ,1,11' intt'rv,tl /tel:oh'i'd.

:Ill this poi(ll..VOlt C-'tll check .voter ,lllSWt'rs

(whi¢h were bilset] oil l..lllds;ll ol_.st'lm,'illiOllS) I_y

referring to txvo black and x_hire aerial photos (scale:

1:24.0fR)) obt:fined during flights in !t)78 by F PA

over an area south of Lane,ester { Figure 4- I _A) :reid

Jill iirt'il near the C & !) c:m:d in Dela_are I Figure

4-lid]). Firsl I/3. to h_.'al¢ these images within the

('K-lobe r i 975 (computer enh:tn¢ed) color ¢oml_3sile

Figure 4-3C).

a:4..¢0: .Vmr. brit:tly ,h'scril,¢ thc t'h_lr_tcter-

isth's of the ]h'lds xhotvtt itt t'ach ,tt'rial ph_to, gir#tg

I_,lrtictdar dtt¢,lio?l tt_ rcldlirc sizes. ,_'hdl_¢s. _/Itd

lffdn title pl_wticcx.

I'hese areas will I_: examined at:fin in the next

activity as we !earn how ¢Onll'qltl.'l_ Illity I_le Irailled

1o recognize crop types iillti tO estilllat¢ crop yields

or i_rodll¢lion.

Water Featu res

Let us tl.lrll ilow to still illlOther bro;id riltlge

of ;ll_lqid;ItiOIIs for which I..lllds.lt has delllotlstr:lted

exceptional capabilities. :ks was first rioted in l'ablc

I-2. L.mdsat data are provillg quite benefici;d to Ihe

dis¢ipIitle o( h.vdrology, l.;mdsilt is a very ctficicnl

detector of water bodies.

=4-fi': Ih)," ,nhl Wily is l,nt,ls, tt ,o1 cUi'ctirc

tll_ _llih Dr ().f"Wd tt'r 1)_)dit's'

(')l'seD.';ItiOllS I'rOtll [ .llldS.ll ;Ire. Iht'refore,

being ai,l,lied to IlIOllllOl'illg floods, ilt','¢lltOr.Villg

l;Ikes, IIl;|killg l'slilllillt'_i of SCt|ilIIt'Ill |+Olllllit'ql /|lid

water qu;llity le.g., cutrophicalion efl't'dlsL ;llld

illeilsuring ilr¢;ll distribution of .,/now to pretli_'I

rtlllOfl ,llld stor3ge _,Ut+lqies :_s illl+llt to w,lter

I+udget eal¢lll.ltiolls.

First. we sh;dl consider large v;iri;ittons in ;iv:ill-

;]l+lc water Slll+l+lY resulting I'rolll r-'lill-r¢lilletl I'll)otis

Or J'rOlll ril|_id Illeilillg of Cxl,. IIs';.D.'eSllOW p;lek.

In terrain less hill.v than central Pennsylv;mi;i.

such as parts of tile .Midwest .llld Great PI;|ins.

!'looditlg ol'tetl l_roduces sigtllfiC;llll Izlter;ll ¢Xl'_;lll -

s/OilS of strt.'illll IlOlllld;lries.._|dlI.V ¢ilSk's of IISing

[,lllds;It to llltlnllor !]ot_dlq;lill illlllldiltiOIlS Ilill,'e

been reported (see figure 22 ;llltl Iq;il¢ 42 in

.llissi, m t,_ I"drth for ex.lnlplds of tile ere;It Io7.1

tloods along the .Mi_,iissiPi,i River). The extent of

flootlitlg till/lee those ¢iri'tllll.'itillldeS _.';.In I_e ,ledtlr-

atcl.v m;_pped for the dates in which inl;Igery is

acqtlired. I.Illl'orl|lll;llely. tile IIHllll_¢r of ¢[Otld-I'ree

sdetlcs ol_l:lilled over a de-'lilt:lee I*;.isill ill flood is

usually tltlile linliletl I_y Ihe ¢llrrelll L;Indsat orbit:ll

IretlllCn¢ } _Olle i+ilS.S ¢1,¢r._ tl tl;,I._ s whell ix_,o

L;lltdSilts Ol_erille on ;.I *." repeal cycle sp;icing, but

usuall._ otlly about I in 5 repeal overpasses by each

satellite is likely to obt;lin ;idequate ¢overageL

Si11¢¢ II1OSi floods dissip;lle ill .I few d;I.vs to ;I

w¢ck. the likelihood ill" :letllHring imagery uselhl

for monitoring flood d:lm;Le.e during Ihe ht'ight of

illlllld;lliOll is low. For the.se re;IsOllS, no illl;IgeS Of

notable I]ooding within ¢entr;|l Pennsylvatfi;i have

been ;icquired b.v the I.;llldsats. Also. illillly valleys

h;ive relatively narrow l]oodplaills ;|lid eft'eel/rely

banked _h;nlncls so that lateral sprc;Iditlg of

lloodetl slreillllS is redllCed.

I'retliction of rutloff frolll SIIOW Illell is n|ore

reildily ;.It¢Omlqished lhrollgh I.;inds;It ObseD,';lliOIlS.

i'hls WSilltS |'rOlll the i_erstMetl¢¢ or" SllOW over

weeks or even IllOllths ill the nlore Norlherll l;lli-

el|des or ,it higher elev;llions ill the mOUllkli!ls.

=4-.¢S 1"o I,rcdh't r, no U[ ,It h',lxt .fi,;_r r,lri,_-

hh's ,lsx_ )t'i,/tcd with lilt" Nil( )It' ¢'1 iI't'r el;liSt be" _III)WIL

13.1
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C_-,,._,1,,_.- PAG_

BLACI_, AH9 V,IH!TE PHOTOGRAPH

Figure 4-16B. Aermal photo I 1:24000) of area around C_'D Canal. Delaware (courtesy of EPA).

_Ongmal photo is m color.)
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What art, they? lChh'h ones can Landsat measure?
What can be _hme to obtain data on the variabh's

not directly measurabh' with Landsat?

The best measurement results with Landsat

have come from areas within the United States (e.g.,

Sierra Nevada Mountains) and worldwide .I,e.g.,

Ilinvalayas) where large mountainous regions
collect thick snow cover through the fall to spring

seasons, liowever, good approximations can be
made in areas of low to moderate relief. A typical
winter snow condition for Pennsylvania is shown

in Figure 4-17.

#4-59: Using Overlay 1. trace a line ahmg the

visibh" demarcation bouttdao" between extensive

snow cover and apparently snow-free land. Where
does the snow apl,ear thickest? Does it seem to be

absent it( places? lChere? What aecoutlts lbr the

light tones within the Stts,luehanna River I'alh'y
soil th of llarrisl, urg?

#4-60: Specify three practical uses of nlnoff

I,rediethm from snow melt.

_1-61: Suggest a siml'h', practical way in

which $tlow patches remaining at h(t, her elevations
ill ItloIintaJllOll$ lerraJtl dttrhlg the warmer seasons

may be distingtti$hed from ehmds. This can he a

prob!em ill some itlshtllces, especiall.l" sitlce tilt'

two ]_'atttres ma.v have very shnilar spectral signa-
titres.

Subtle hydrological variations are evident fr "_m
Land_t under favorable circumstances. Changes in

lake and reservoir levels of just a few meters can
sometimes bring about notable changes in total
surface area. These result in shifts of shorelines that

may exceed 100 m (330 ft) horizontally (thus,
within Landsat detectability) if the water bodies

are in generally flat terrain l,unconl'incd by steep

slopes). Where confined by dammit:g of streams in

hilly terrain, water level changes may still be detec-
ted even withe(t( much lateral shift because the

shorelines tend I[o be barren and highly reflective:
these l\_rm distinct narrow bands that stand out

becat|se of high treflectivc) contrast between water,
shore areas, and hillside vegetation. This latter con-

figuration is not uncommon in the rolling bills and

ridges of Pennsylvania.

In principle, the MSS. with its 70 X 56 m res-
olution (raw pixel size. before resampling), should
be able to detect lakes as san'all as 0.44 hectares

(about 4500 m: or 1.1 acres)-a single pixel in

size-but in practice a lake must normally be at
least 0.80 hectares (2 acres) to be consistently
detectable.

#4-02: Can you explain why a lake must

usually he larger than a single resohttion element to
be detected with consisteno'? (llint: Ponder the

effects on a singh" pi.vel brightness relative to its

neighboring pix'els it" the #hate of a 0.44 hectare
lake (a) ]'ahs entirely within the pLrel, or (b) is out-

shh' the several pLx'els, consider probabilities.)

Changes in reservoir and lake levels (and hence

storage voh|nae) may sometimes be seen at indivi-
dual water bodies within one or more Landsat

scenes of the tlarrisburg region. This has already
been illustrated for the Deer Creek dam reservoir

(p. 120). If, during a given year. average rainfall.
evaporation and other conditions affecting water
supply and storage are notably different from other

years, it should be possible to detect and even
measure this difl\'rence in Landsat imagery. Look

at the color composites for the two October

Landsat scenes _Figures 4-2 and 4-4L By visual in-

spection, compare the relative sizes of a nunlber of
the lakes in these scenes.

_4-(_.¢." Which .year seems to hare been wetter
(i.e.. produced cotl,litions that ht_t'ased water
storage in October)? (Tile actual total rainfall

between ,llarch 1 and October 30 each year for
the llarrisburg area is n'coni,'d in fi_otnote 3 on

p. 13S).

if differences in storage are substantial, it may
be Ik'asible to determine the relative amount of

available water by measuring surface areas of large

reservoirs. This is best accomplished through com-

puter analysis by counting individual pixels assi_:¢d
a water signature at each reservoir location. Where

the unit of measure is 0.44 hectares (1.1 acres) in

..izc larea of a Landsat pixelk this measure can

,ffl,,n I,,, fair!y accurate f,or larger water bodic,
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Figure4-17. Landsat-2scenetaken on January 23, 1979 showingthe distributionof accumulatedsnowfrom winter storms.

with suitable basin configuration. Even visually,
however, one can make a good estimate of water

volume changes by noting comparative areas. As a

check on tiffs approximation, look at band 7 rendi-
tions of the two October scenes.

the area of resen'oir (1) in 1975 might be 70 per-
cent of the area noted in 19 72). Follow the format

below: 1972 1975

1. Marburg Resen'oir (arrow |') lOOf;

=4-64: Make a rough _tess o]" :he p<.'rcentage

change in sttr]'ace areas of the three reserroirs listed

hehgw (aml located br arrows |'. I¢ and X) by

using iO0 percent jb, ea_h i,i t';c band - l 9 72 scene

(Figure 4-1B)as the baseline stamtard [for exantplc.

2. Det[art Reservoir farrow I$') I005;

3. L;mtamed new lake ht Middle

Crcc !: 14,'i!d!i]? Sa:tcttt_,r3"
(arrow .}') 100_;
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#4-65: b_ml tile average o]" the three 1975

percentage rabies, ttow well does this average

chalage agree with tile percentage difference Jbr

rahlJidl change at Harrisburg for the 19 72 (taken as

i O0 percent) and 19 75 periods?

Several interesting changes within the

Susquehanna River basin are noticeable in the

Ilarrisburg scenes used in this workbook. Let us

examine .selected scenes for evident differences.

Begin with a direct comparison between

bands 7 of the Decelnber lq7b (2688-14552;

Figure 4-9A) and June 1977 (28680-14471; Figure

4-8) scenes. Choose any three equivalent locations-

upstream, midstream, and downstream-along the

Susquehalma in each scene.

#4-06: Summari'.e the ,naior dilferences in

discernible water levels. What is the most reasonabh'

twplanation for the di]'jPrences?

#4-0 7: Several light-toned areas occur hl the

river in the winter scene, as at arrott. Y. What are

thtg"? It'hy is one o J"these areas famous?

#4-OS: What is a I_lau,,ible explanation/'or the

?;llddt'tl ('hatl_e #1 strt'_ltll wh_lh at arrow Z i1t'_lr

('ot/owhlgo, ,1M.. in i.'igun" 4-SB {h)ok ]br the same

h)cation in other images, particuh_rly 1350-15190,

I"igure 4-6)?

_4-60: Now. c.vamine the coh)r composite oj"

2904-14452 (F_,ure 4-11)..Vote the bright bhle

pattern along tile Sttsqttehalma Ri_'er around arrow

..I..1 olt this J_gure. If'hat do you thillk this is:' Call

you provhh' an e.rplanation for this pattcnt that is

related to its occurrettce just bclotv tile co;¢qttencc

with the Juniata River (arrow BB)? Sttgge:. a prac-

th'al use/i)r this type o]'obserrathm.

#4-70: .Vext. exami,e the area i, 2904-14452

t'here the Susquehanna River mouth meets the

head of the Chesapeake Bay (Look at the equivalent

area as shown ill coh)r composite and black and

white images from the several other coverage dates.

noting the gray level and color differences among

these.) What accounts fi_r tile variations Oz bhlish

tones associated with tile Bay #l tile 2004-14452

coh)r composite? In what way(s) might such obser-

I"ations be useful to tile 11sheries industry?

#4-71: Finally. #z this section on hydroh_gy.

#zspect the October 1075 scene (Figure 4-4) once

more. Describe the appearance of the water ht the

Susquehanna River as seen #t the color col:lposite.

.Vote that this condition extends over the entire

stretch o]" tile river within tile scene: however, the

major tributaries to the west (e.g.. the Juniata) show

h'ss iV" this effect. ,.issttming this to be a manifesta-

tion of tttrbhfity &le to all #tcreased h)ad o1" sus-

pended sediments, devise a plausible scenario for

the meteoroh)gical histor)." of the several days

preceding the October 23 overpass of Landsat.

Then check your surmise with the review of the

actual history hl ]'ootnote 4 on page

_4- 72: IWlv (hi somc rescrt'oirs (e.,_'.. .lfzrbur:¢)

appear blackish ht the October 1975 coh)r com-

posite and others show bhtish tones'.' (..1 t h'ast two

different factors couhl bc #nportant. )

"tMeteorologic:d _cords tbr the |iarrisburg Airport gauging station

_how a cumulative rainfall of 99.34 cm (39.11 in) in 1972 and

103.63 cm (40.80 in) in 1975 over the period of Maxdt I through

October 31 each year. Ilowtwer. in ! 975.38.02 cm ( 14.97 in) were

recorded in Fate September from Ilurricane Eloise. It is there-

fore highly likely that the greater apparent volume of rescrvob

storage in Octt)l_.r 1975 ft.,mired from the hurrk_le contribution

just a mollth earlier. Apparentl.v. by October 1972 the effects from

Ilurrit-anc .._ke.nes had largely been act'ommodated through u._ge.
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STILL OTHER APPLICATIONS

Coastal Zone Features

Before lea,,ing this activity, we should look
into several of the ways in which Landsat-designed

mainly as a land surface observer-has demonstrated
a surprising facility for gathering valuable infonna-
tion about coastal waters and even the open ocean.

Landsat has been especially useful in (1) delineating
the land/sea interface along coastlines; t,2) providing
details on the characteristics and distribution of

wetlands: (3) indicating significant changes in off-
shore deposits, such as sand bars and islands,

brought about by severe stomps; (4) noting patterns
of sediment movement, particularly off river

mouths and deltas, as influenced by waves and

currents; (5) defining bottom depths (to about 9 m
or 30 ft) in clear shallow waters: this is of special

concern to navigators: (6) locating shoals, especially

near atolls; (7) monitoring sea ice in high latitude

waters: {8) detecting direct and indirect evidence

of nutrients (plant and animal organisms) in drifting
or upwelling water: and (o) spotting pollution
sources and effe,rts, such as oil spills and waste

dunwed from ships. We shall examine the Atlantic
Oce:m :flong the New Jersey coast for examples of
several of these observations.

Refer once more to the October 1972 I Figures

2-1 and 2-2) and April 1978 (Figures 2-10 and
2-13) scenes of New York City and adjoining New

Jersey. You should concentrate first on the famous
stretches of beach and backwater from just north
of Atlantic City to the south end of Barncgat Bay.
We shall return to this same coastal region in Activ-

ity 5 to learn about the effects of computer pro-
cessing in classif.ving this type of environment.

#4-73: iehich hzdirhhtal bands best delineate

the boundao, between wetlands hnarshes) and

open water in the broad ba.rwaters west o1" the
long. bright sand bars?

#4-74: Which bands emphasize the more

turbid (silo') water?

_4-75: Describe the color tones of the sub-
aerial ntarshlands in Figttre 2- t.

#4-76: What could cause these wetlands to

show up as darker gray or color tones ht the

:.mages?

#4-77: On Orerlar 1 (or on a sheet o]'tracing

paper) trace the boundary o]" the coastal wetlands
on the hdand or continent skit" o1"the bays.

#4-78: Do there appear to be ato" discrepan-

cies in the location o1"this inland boundary whet_
the October 1972 and April 197S images art"

contpared? lJ'so, wh)'?

#4- 70: If'here do the wetlands extend inland

from this generally straight western boundat3"?

#4-80: hi either the black and white or coh_r

hnages, some o]" the pinewoods in the BatTens
appear s#nilar in tone to the wet'.ands. Descrzbe
any differences h_ any bands ]'or either the October

or ..Ipril scenes that might help you to distinguish
these two ground corer types.

Water Pollution

We shall now introduce a new ._ene specifically

to look for one unusual feature. Look carefully at

the vast expanse of ocean _outh of Long Island in

the August 1o. 1072. band 4 image IFigure 4-18L
There are several light-toned patterns that must

certainly be clouds. Search tile image for another

lighter toned pattern, which has a shape that elim-
inates clouds from consideration.

=4-S!: Sketch this feature.
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Figure 4-18. Enlarged subscene from Landsat 1024-15071, band 4, taken on August 16, 1972 over New York City; printed

as a negative.
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#4-82: Make a guess as to its identity. Do you
have a second choice?

Perhaps a further clue is needed. The feature is per-

sistent; it has been observed many times before and

since 1972, in the same general location of the

New York Bight. The pattern varies but nearly
always consists of a contorted trail or streamer of

milky material.
The feature was imaged by the Ocean Color

Sczni-tcr tUCS), a prototype model of the Coastal

Zone Color Scanner (CZCS; see page 338 for a de-
scription of this instrument) flown on the Nimbus-7

satellite launched in 1977. The OCS was operated

from an aircraft to test performance and acquire

data for developing analytical techniques. The OCS
contains several channels in the blue and green, as

well as red, selected to reproduce fairly accurately
the colorvariations that characterize marine waters,

their sediment load, and the presence of chlorophyll
in plant nutrients. Figure 4-19 depicts this feature

as imaged by OCS at a point about 24 km (15
miles) east of Sandy Hook, N.J. Also evident is a

large plume of sediment mixed with a sludge being
carried into the Atiantic from the Hudson River.

#4-$3: tlas the _CS image changed your

mind: iJ'so, what is your new opinion?

The identity of the feature is revealed at the top of

page 142.

Figure4-19. Falsecolor compositeshowing the New York
Bight off Long Island mzde from Ocean Color Scanner
data.

Siltation Patterns

In Figure 3-8, we saw the effects of producing
a false color composite by projecting band 4

through a red filter, band 5 throu_ _een, and

band 7 through blue. Sediment patterns are more
sharply emphasized in this combination. These

turbid water patterns may :dso be brought out by a

photo_aphic enhancement technique involving a
shift in contrast and a lightening of the lighter _ay
levels. Figure 4-20 presents a superb example of

this manipulation, performed on a band 5 image.
This is the next scene south of the New York-New

Jersey frame. Most of the Delmarva Peninsula

(consisting of the state of Delaware. the Maryland

eastern shore, and a small part of Virginia) is

imaged. The Chesapeake Bay lies to the west and
the Delaware Bay to the east.

=4-84: Locate three or ]bur areas where the

sedhnent load is appurcntly greatest (use an atlas to

name some nearby reference locqlity).

4Dulling_heweek before October 23. a storm dumpedover I in of
ramaround Harrisburg,and similarurhigher amounts fell m the
mountair_st,_ tne west. RaJ-ny:_di:':ons persastedthroug,_. the
21_t.foUowedby rapid clearing.
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#4-85: Where do you find patterns related to
current circulation (stream flow, tidal movement:)?

#4-86." What might you do to establish the

persistence or variability of these currents?

Studies of sediment patterns in the Dciaware

Bay have been an integral part of a current Landsat
investigation by Dr. V. Klemas and associates at
the University of Delaware. Combined visual and

computer analyses of these patterns for specific

N038 - _ I .t._75 - 3e ! ...<. - ,.,
t IJUNTB C N3_-a5,"$,_"5"20 DI_I5-B33 N N.3_-'c-6A,Ie7_5-23 ti 5 l) SUN E3..6_ R113 $I$- _-P'. _,: ".-

I:igure 4-20. Band 5 imaqe of the Oelmarva Penir.suln, Delaware Bay, and southern New Jersey as scanned from

Landsat-3 on June 11, 1978.
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Landsat overpasses are coordinated with measure-
merits of sediment load (expressed in milligrams

per liter) through "water truth" sampling from
boats and helicopters close to the times of overpass.
From this a calibrated sediment distribution map

(Figure 4-21) has been produced from data for

several overpasses. The map correlates both water

sample analyses and Secchi (Disc) depth data with
radiances measured by the Landsat MSS.

#4-87: The Landsat hnage hz Figure 4-20 was

taken in mid-June 19 78. thnvever, ht this rendition.

most of the agricultural fieMs seem .t ° have very

high (bright) reflectances, as though only barrett.

light-cob)red ,oils were exposed, although many

crops had been planted earlier and some were even
approaching maturity. OtTer an e.x'planation ]br

this apparent tonal atumtaly. (H#tt: Remember
how the photo was processed.)

Inserted Discussion for Questions

4-81 through 4-83
The l'cature considered in questions _-4-81

through 4-83 is produced by tile dumping of acid
wastes carried to sea in a barge. Tile material is a
mixture of sludges and sulfuric acid. which aceu-
,nulatc as residues from operation of a refractory
plant in New Jersey. The towed barge is emptied
each xnorning :it dist:inccs SUl_posedly beyond -i 48
km _30 mile) limit, oH the continental shelf. A _ig-
zag pattern of tlunq_ing is designed to improve
rapid dispersion, but the reflective wastes remain
coherent long enough to be detected by Landsat.

Figure 4-21. Sedimentdistributionin the Delaw3reBay
determinedfrom Landsatand surfaceboat data sources

(courtesyof J. Klernas.Universityof Delaware).

CONCLUDING REMARKS

Well. at last we have reached the end of this

tctivity-the broadest and possibly the most chaileng-
ng one in this workbook. By this time, you should
_ave attained some really p,actical skills in analy::-

rag and interpreting l.andsat data.You will probably
,.ave formed some opinions-perhaps still tentative-
,n the merits and usefulness of Landsat as an in-

.)rnlation source to meet your needs. However.

.ccause of some obvious shortcomings in extracting

his information by photointerpretation methods.

you may not be ready to make a commitment to
incorporate Landsat into your work activities (or
those of your organization). Reserve judgment

until after you complete Activities 5 and 7, which

will introduce you to (almost certainly) the most

powerful way to handle and interpret Landsat
data: use of the computer to enhance your imagery,

classify the scene, and coordinate Landsat-derived
inform:'.tion with other data sets within a common

geo_aphical framework.
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:)R£C_DING PAGE BLANK NOT Iqt.l_

ACTIVITY 5

CO MPUT ER-PRO CE SS E D
LANDSAT DATA

LEARNING OBJECTIVES."

Establish or expand your background in the concepts, methods and terminology of computer ,,_ro-

cessing of image p "oducing data.

• Gain an insight into the adrantages of computer-based image processing compared with the photo-
interpretation approach for processing, classifying, interpreting, and applying remote sensing data.

• Acquire a broad perspective on the principal processing routines now developed to analyze Landsat
data.

• Develop a solid working knowledge o/the main techniques for image enhancement, pattern recog-
nition, and thematic classification.

• Get a ]eel for the pros and cons of batch and in teractive modes of image analysis.

• Examine and erahtate some specific computer-generated products for subscenes in Pennsylvania and
New Jersey.

• Interrelate these particular examples of outm_t with the more theoretical explanations of computer-

processing strategies and procedures given in A ppendix B.

C'ri__-n_-!_hotzgra_hy may be purclaaso_
from EROS 2ata C._nter

Sioux Falls. ZD 57199
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RATIONALE BEHIND COMPUTER PROCESSING"

A _eat deal of useful itfformation may be

extracted directly from a Land_lt image by tile

straightforward methods of photointerprctation

studied in the previous activity. The adrantages of

this approach are clearcut:

Cupies (multigenemtions) of photo images

are frequently duplicated with low precision.

that is. they experien,.:e dt2zr'adation in visual

quality.

Familiarity with and use of aerial photo-

graphs {of which Land_t images arc just a

special case) are comtnonplace amotlg

resources specialists.

Tile image scenes depict the rcal world in a

visual sellse in tlltlch the same manner th:,t

we might view the surface fronl space or. as

most of us actually have done. from com-

mercial jets.

It may be necessary, to reprocess images-

using slower, but less costly methods--to

enhance them by the customary photogra-

phic techniques. Ibr i,lstance, improving

contrast by modifying the II-D curve (shift-
ing gain ma).

Optical distortion within lhe image, which

affects registration of nutitiband and multi-

temporal images, is normally a !_roblem.

"File spatial relations among surface features

;ire displayed in the sanle context that we

strive to represent Oll maps.

Tile principles of aerial photointerprctation

are easily extrapolated to Landsat scales, as

long as resohttion is sufl_cient to rccognize

the critical or diagnostic interrclations by

which large features are identified.

For some applications, it is necessary only to

examine Landsat data in the image format to carry

out an effective analysis and obtain the desired

otltputs. There are also serious limitath_ns to work-

ing I_rimarily with Landsat photo products. :_tnong

these can be cited:

rile range of gray levels recorded on film or

print is narrow: the mlnlber of color tones

recognized by the Imman brain is greater but

is still limited.

The interpreter tends to be st,bjective in dis-

cerning sltbtle dtflZ'rences within the photo',_

range of gray levels or colors.

It is often t)ece_'_ary to resort to le._s exact

alld reproducible measurcnlent technitltles

te.g., densitometry) to prt)vide a quantitative

basis for distinguishing features and associ-

ated spectral properties within ;in image.

Since tile early days of Land_t-I there has

been an ever-growingshift from the standard photo-

interpretive approach to a strong reliance on com-

pt, ters. Computers :ire now used routinely in

various phases of data manipulation and analysis as

well as in more sophisticated infonuation extraction

methods. They art" also instrumental in integrating

Lantl_lt results with other data _mrces in nlodels

for status asscsstucnts and interpretations, decision

making, an:! operational control. The ability of

computer processing to overcome the limitations

tnentioned above is one reau)n for this. Another is

just the fact thai the sensor data arc sent to receiv-

ing st:ltions by telemetry in a I'onuat ready for re-

processi1:g into computer-compatible tapes (CCT's).

Still other reasons arc import:rot: l !)Certain-

ly an obvious one is related to the vast quantity of

data. There are morc than 7.5 million individual

data points (the picture elements or pixels, as de-

scribed more fitlly in Appendix B). each encoded

to () bits. in each band of a Lantl_I scene. Thus.

all four bands make up a total of ca. 30 million

numi_ers, which nmst be kept track of and acted

I,pon if the full data set is to be proce._sed: (2) The

Landsat datzl rcprc_nt a series of rclated varies

derived from a number of variables, including the

four dhallll¢ls themselves and temporal data 1"1"o111

different passes. As such. the d:ll:! are best organ-

ized and m:mipulated by methods developed for

tile mttitirart_lt(' stattsth'a/approach Isee p. 421 ff.
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of Appendix B tbr a review of certain concepts in

staiislics'L 13} The computer manipulates data sc,*s

and subsets rapidly, efficiently, and systematically

into improved working products by removing or

reducing geometrical and radiometric errors internal
to tile sensor or introduced by perturbations in

spacecraft motions and positions: (41 Corrections

I\)r radk,lnce tie|tad,it|on or interR-n.'nce by tire

atmosphere, and for variations in radiance levels

owing to sc:.,isorlal alia,rites in solar iilunlhlation.

may ,,e applied to any part of a scene because

each discrete data point (.pixell within the CCI"

may be retrieved and modified by appro|'_riale re-

processing; and (.5) The full resolution (.botll spa-

tiai and spectn|i) of pixel signal levels call be

maintained from step It) step thn)ughot,lt the con)-

puter pr_)cessing.

Perhaps the most compelling reasons t\)r rely-

ing on ¢olnpt,lleo; to process Landsat data :,ire evi-

dent fronl consideration of Tables 5-1 and 5-2.

Table 5-1 consists era simplified Ilow diagram that

describes tile Setltrcnc¢ of steps (with several un-

specified t\'edback loops1 norm,dly followed in ac-

quiring, processing, interprcting, and using wrnole

sensing data. l"hDse steps in whic[: computer pro-

cessing can replace tn:mual _photointerprctive)

meth(_ls or otherwise play a key role aim singled

out by a double asterisk _**). It is obvious thai

nearly all steps :,ire amenable to assistance fronl

computer processing (also referred to as machine

processing or automatic data processing [AI)Pl I. A

Tabla 5-2

Advantaqes

case can even be made for introducing tile computer

as an aid in 'he r¢:;',|l',s/rccommcndations and

evaluation�decision-making steps, although the

Imman element usually dominates in these actions.

Some of the major advantages of computer process-

in| of Landsat data are summarized in Table 5-2.

along with a list of some of the principal processing

routines now in cor|lr|lOll usab_ with Landsat and

other remote sensing data.

Table 5-1

Use Flow o! Earth Resoun:ml SaWllitl Oils

Rdw [:)ala Tranm)is$_oH""

D,Itd roc£,ssN1!/,In¢ | E t |haflcL_me¢l| *_

Imacje and Numer¢cal Displays""

AncdldrV Graphic Jttd T,iL_dar Data'*

|nrOrllla|lOll E xrractlon""

, _
Ana vs_s and Tt._hn_l""

R¢_.ulrs ,"!d Recontnler_tat_ns

i
Evatuarloll and Dt, clslon Makil_l

Operattonal Inl|lJonltwtratiofl" •

O.lt.I Stll)lzhers_U?a_t Sratr _Ptc_ram M,ma*)ers

• "M,ilOl I{ole |_,11 cOIl_|ltllt't pt_wt'_slnq

Some Uses of Computers in Satellite Remote Sensing

R or! tines

D,II,I Conlnlollly transmitted =n, or Converted 1o. Diqltal Mode _'.),lt,I Conllll't_Slon ,|ltt_ Rt_lnlrlhn q

An,IlvslI; Ot Inl|iVlt|thll Data Points (pexels) Gc_omelrical Corroctions

Handlin_l of L,ir!_ Data Volumes Atnlosphetic and IlJumina|lon Crd_ri_tlon$

O,lra E,Isilv Manipulated by Mathematmal and Srarist=cal Analysis Im_ Enhancement ("cosmetics")

Full R,ahometrtc Ulllizat=on or Dvn,amm Range of the Sensors Multivariate Analysis ILl$1nt| stdllsrleal technltltJl_)

Cotri_tton or Systenl Retah.M Errors Sl_lna|Llre E x IrdCr IOn

A¢i:ur.)cy Assessnl en ! S;)L_Ial TL_hltlques Ihan_| [,at_olrll|; Ca_IO_llCJ, I ,Indrvs S)

I nler,la:Dvt, V Mel.) I TV ) PT¢_:t_S.I!! MulllEene Ilen'q)o_al) RiMisltJIion

Conlfolb.._| Ittl,llg _ L)UI|tU|$ T_.i_tl_nq S*le S¢?|ll¢|lOrl
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Bct\_rc proceeding, it is wise to review briefly

._vcral terms that wcrc defined by a 1905, Commit-

tee on Processing of Remote Scnsina Data. They

recognized thcsc following functions:

I. Signal ProccssinJ (usually. but nol exclusive-

ly on the spacecraft1

*l)ctcction *Amplification

*l)igitization *Multiplexing

*Transmitting

2. (,round Proccssi,lg

A. I)ata Prct-roccssing

* Receiving * Dcmt|ltiplcxing

*l)igitization * Rcct)rding

* Rcl'ornm tt ing * Re-Recording

B. Data Processing

*Corrections: Radionwtric: Geometrical

*l'roducls: Computer Compatible Tapes:

I)lnotos/hnagcs

C. Data Analysis

*Classifici, lion

*Other types of Information Extraction

HOW TO USE

Ill Ihis activily, wc shall bc concerned primarily

ilh ¢x:llllplcs Of lint2 Illos[ vcrs:llil¢ colllptllcr-

gCllcrated rt)lltinlcs and OLIII'Rll prOdtlcls. We shall

LiSt"SOffit."of" lh¢ Salllt"L'ItldSin[SCelICS alld shall

rccxalninc several of the same application topics

[ha[ .you worked on ill the pholoinlcrpr¢tation

aclivily. Some new scenes and spcci;|lizcd aPiqica-

lions will bc introduced.

We rccogni:¢ lhal inalI.V r¢ad¢rs hiD;t? Ollly a

castlal alld rttdilnlelll:lry kllowh.'dgc of COlllpttlcr

pro,:cssing. ¢spcci:nlly ill its application lo rcmole

sensing. If .vonl fil into this category, yoln '_,sottld bc

w¢ll advised to put aside this activity for tile

ntomcnl and carcfully read through Al_l_cndix B.

which provides ;I concise but IlCvcrth¢lcss ad¢qLh.nl¢

Slllnllll;IrV Of principh.'s, concepls. ;.nlld procedures

I)¢ing us¢d ill ctmWuh:r processing of rcmol¢ly

s¢nlscd dillin. Yonl [ln;l_,.' _..V¢ll wisln to COllSnll[ tIIIL?or

nlorc o( the apProlwi;itc rcfcrcnc¢s cited ill Appcn-

Despite thisatt¢inpt In standardize tiletermi-

nology, one stillowountets discrepancies in the

literature a_sociati.g some particular step or routine

with a qagc of processing. Mosl specialists engaged

in ¢omptLtcr processing now consider radiomctric

and geometrical corrections to bc a prcproccssing

function, althot,gh similar or more advanced col

rcctions may b¢ performed during proo:ssing In

produce ¢nhanccmcnls or classifications.(Solllq O|"

lhe basic corrections applied In the "'Raw" Landsat

data at Goddard's [PF before any i,nagcsare gener-

ated by the EROS Data Center or others are desig-

nated as Prcproccssing.} Likewise. a u._r partialto

digital dala will probably treat classificationas

largely a processing stage function, whereas one

who tends to "'think analog," will l_'rccivemost

classifying actions as analysis. The analytical

:wproach willalso include checking in the fieldand

integrating classification maps and enhancements

with kinds of data I.thc._ steps are rcl_'rrcd to as

"postproccssing'" by some SlX',.'ialistsL

THIS ACTIVITY

dix (.; to enlarge your understanding of computers

;IS stnch.

floweret, you may decide In proceed lhrough

thisactivitywithout having diverted to Appendix B

to build your foundalion in Colnpulcr processing.

If so. yof will bc aided by brief cxplanatious of

SOllIC of the specific opcrations performed Oil

L:Indsa[ data anB.i lhc rationah." for thcs¢ routines.
hL [his activity, we slulll surx-cy [h¢ typcs ;rod uses

of oulpu[ from two o( ih¢ thr¢c Ilh.ljor groups of

colnlptllcr prt_.'cssillg rolnlinlcs d¢_'ribcd ill Appen-

dix B: (11 p_'l'_roccssing linformalion rcs/ora/iOrll.

(2) ¢nhal:ccmcnl (illl\mnalion ¢nh;m¢cnlcn[ L anld

(3) classification [int\_rmalio,I cxtractionL l:.xam-

pies of tile l/rs[ group, preprt_'cssing, arc not

considered here tsec PP- 42S to 432 for dclailsL

except for one indication of a rcsampling rot, tree

incorporated ill tile enhancement section.

IMAGE ENHANCEMENT

Sharpening a Landsat Image

.\l,my nmiccs arc likely to express some stir- corder [I!BRI or ;, similar iqu)lo.-g'cncraling device.

prise wlwn II1¢) first see at COmlmtcr-proccsscd Finis ix l_articularl.v true for the version seen by

version of in full i.allds;it image. ¢spcciaIl_, it" they illOS[ tlS¢lS- line fotlrlh or l'iflh generation of

arc I.mliliatr xvi[h Ihc same scene only in its standard Positives, ne.?.'.alivcs.

r¢lldil[oll [',rothlcctl 1rOlll the t'lqCt_',_Ph_.':l'll .":'-
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You m.'ly already have exp_'rienc_'d this same

reaction ,n the previousactivity on photointerpreta-

lion. You have been _ve,', a strong hint of lhe

improvement in image quality obtainable from

_omputer processing when you compared Figures

2-1 and 2q_ in that section. Both false color images

were constructed for tile same _'ene t'rom data

acquired on October 10. 1972. at a tinle when

clear fall air mininlized atmospheric intert_'rence.

l'_i_ure " I is a standard processing product

tnadc OIL the EBR at the C;odtlard Space Flight

('enter. :'ks printed in this workbook, the figure

has gone through six generations of positive-

negative !ilm (or print) st(:_s, each of which

imposes some further degradation in inlage quality.

The original image was subjected to only lhe routine

preprocessing rtradiometric and geomctric:d correc-

tions) applied to :ill Landsat data passing throt_gh

the Goddard Image Processing Facility. Tile photo-

image itself was initially one of ulany ilia(It ill a

mass production (batch1 illode, with nn tailored

color or tone conlrol. Figure 2-(_ is a colllputcr-

enhanced version of this scene generated by IBM.

using the processing steps listed below and then

sul_jectcd to careful, customized color printitlg.

A major change in image quality of products

delivered to the user community by the EROS l)ata

Center (El)C1 was introduced in IO70. At that

time i_1)(" began to produce ¢onH_ttter-enh:mced

full scene images :ts standard outptlt by using its

i!ROS Digital Image Processing Systenl (I:I)IPSL

YOtl have previottsly examitlcd all excellent example

of this enhallCed product in Figures 4-3 ;ind 4-4.

The processing procedtlre is described in some

detail on pp. 414 to 41(_ (Al_pendix AL The E'I)II_S

slandilrtt processillg "'lllClltl'" follows these slops:

I. Radiomctric correction of data to adjust for

satellite :lzltl sensor ;:nonlalies:

2. Geometrical correction alld rcsampling of

dat:l to the ilotine Oblique Mercator pro-

jection (see p. 430):

3. Cotul+ens:ltlon for atlnOsl+hcric scatter (haze

removalS:

4. I)ispla.v ;.llld :mal.vsis of the distribution of

I+rightncss v:ducs (l)N's/ leading to mapping

ol + image gray levels Io I+reassigncd film tlcll-

sity levels via logarithmic (nonlinear1 tables.

111 .'ltltlilit+ll. lilt" I_N distrihtlti_m tll:t.v ,.+!1

special request bc CXl,:lZlttctl to use the full d) naln-

ic range of fihn density (contrast stretch). Edge

enhancement or high bandpass filtering routines

are also done on special request. Tile inlages

reproduced in Figure 4-3 are second-generation

positive copies made from a first-generation nega-

tive fihn produced fronl data on an EDIPS High

Density Tape (llDT) used to drive a laser beam

recorder. The EDIPS data products are now beinL:

provided routinely by EDC in response to orders

for scenes acquired after Febnlary I. I t_7q.

Thus. when great care is taken in "cosnletic-

ally° treating inlages through conlputer processing.

the results can be spectacular. The output products.

be they the standard I : 1,000.000 scale or enla_e-

nlents to 1:200.000 or better, are so superior that

one nlight believe (or hope) that a new satellite.

with a notably inlproved MSS, had been launched

in secret. Judge for yourself by comparing a "'be-

fore" and an "'after" rendition of tile l:amous

Washington. D.C., image obtained oJ, October 1 I.

I t) 72 (Figures 5-1A and BI. The "'before" is another

standard product generated first at Goddard and

then reprinted by the General Electric Space Sys-

tcnls photographic laboratot3' to give a better than

average version. The "'after" is a spectacular ver-

sion! Many consider it the best rendition yet made

of any scene in the eastern United States. This was

_,encrated in 107(_ by Ralph Benlstein and staff at

Intern:ltional Busine_,_ .M:lchines (IB.M/in Gaithcrs-

btt_-'..Md. The principal proce_ing steps were I. II

rct\_ml:ltting CCT's to IIDT's; (2_1 radiometric

corrections (intenlal. to moderate var3.'ing detector

response, external, to compensate for variable

atmOsl_hcric alteration): (3") geometrical corrections

(internal variations ill mirror velocity and ill de-

tector saml'_ling; external to correct for spacccrat'l

attitude, pano_mlic distortion, scan skew. Earth

rotation1:(41 mapping or geographical fitting(U'rM

coordinate system: ground control points1; (5_

rcsanwling (including filtering1; ((_ generation of.

black and white negatives and prints: and (71

i_roduction of color composites by registering

black and white negatives for bands 4. 5. and 7 and

expo._ing on cibrachromc color fihu.

Cross-cxan_ine these two inlages, particularly

with resp_.'ct to observable details. Use a magnify-

mg glass where nece_a_'. Using the GE version as a

"'before" base. and referring to an atlas or map as

needed, app_.lise tile IBM version by ;mswering

:he l\_lh',,, ia_:
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COLOR PHOTOG_
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Figure 5-1A. The October 11, 1972 image of Washington, D.C.. Baltimore, and the Chesapeake Bay.
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ORIGINAE PA_,
COLOR PHOTOGRAPH

Figure 5-1 B. "he IBM computer-processed version of the Washington, D.C. scene.
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#-5-1: Describe the improvements in pickhtg
out details ht the central area of metropolitan

teashington. D.C.

#5.2: |¢hy do the inner cio" and commercial

regions (in bhte) of Washington and Baltimore

appear more widespread (larger area) hi the IBM
t'ersion ?

5-2A and B are band 5 and 7 images of an April

1973 scene produced on the VICAR system at the
Jet Propulsion Laboratory, Pasadena. Calil: In
addition to the usual radiometric and geometrical

corrections, the output data were contrast-stretched

I,by trimming low and high DN or brightness values

in the pLxel distribution histogram and expanding
the remaining values to a fuller range).

#5-3: Locate additional maior roads hl the

IBM version. Is there a significant increase hi the

number and/or length seen ?

#5-4: Can you now ibm the Bay Bridge near

Amlapolis?

#5-8: Can .I;ol, begin to pick out alo' land-

marks in downtown leashhlgton? Name them.

#5-9: Some roads are better discented ht

bmld 5: others ht band 7. lehy?

#5-5: What minute detail is evident in the

ritnways o]" Dulles ..lirport. west of Washington?

(Thhtk of what an airplane does first after landing.
as it taxis towards the unloadblg area.)

#5-6: Comment on the appearance of the

agricultural lands, particularly hi the Dehnarra

penhtsula of the eastern shore of the Chesapeake
i_al'.

#5- 7: Look at the forested countryside south-

west of Washington. Many irregular dark. blackish

patterns intersperse with the rcd tones ht the 1B,11
|'ersion but are obscure in the GE version, iehat

might these patches be (remember a halhnark of
southenl woods)?

We shall turn next to several computer_enerated
enlargements of the Washington, D.C., area. Figures

A further enlargement of part of the area is

shown in Figure 5-3 as a color composite, made by
using the VICAR program as adapted at Goddard.

The processing steps included destriping, resam-
piing, filtering, and contrast stretching.

#5-10: A blockhless is evident on close h:-

speetion of small sections of this image It is especi-
ally noticeable at sharp tonal discontinuities, as

along the river batiks, at the airport, or along major
roa_L What causes this?

,5-11: Some soils hi the eastern half of the

It'ash#tgton area, especiall.t" those deril'ed from ma-
rine sedhnentao" claystones, art, reddish- to

yellowish-brown ht natural color, i¢hat color do

tho" appear hi this computer i,ersion? lehy? (See
category L Table 3-3. )

Resampling

Still greater enlargements are shown in Figure

5-4. These renditions were subjected to several
enhancement routines. After appropriate prepro-

cessing, the image was resampled (see p. 431).

Resampling is necessary whenever a geometrical
operation such as rotation or enlargement is per-

formed on a digital image. Tiffs is because the pixel

brightness values (DN's) have to be estimated at
locations where no nleastlrenlents have been made.

Such cstim:,tion is done by using available measure-

mcnts in a nei.,dlborhood of the new pixel locations.

Resampling _s useful for correcting geonletrical

errors due to attitude variations and several other

sensor effects. It is also useful in producing enlarge-
ments of images to a specific scale (e,g., I :24000
to match the U.S. Geological Su_'ey 71/: minute

quadrangle maps). In general, resampling accom-

plishes two things: (!) It is necessary because many
pixels in :m array are not tnitially in the proper

places owing to sensor and attitude errors during
data acquisition: the pixeis must be relocated to

more accurate positions by using ground control
points and other correction pro,'edures" their ._ew
bri,'dttncss values (DN's) must be calculated to
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better approxinlate the actual vaiucs cha_a_._cd_ih.

of these new locations. 12} Together with other

routines, it can smooth out the blocky, mosaic-

like pattern that results when individual pixels

become visible. This appears to sharpen the scene

and aids in approaching tile best resolution limit

obtainable from the observation conditions. In

one special procedure, pixels smaller than those

representing the inherent resolution of the sensor

system (controlled by IFOV. sampling rates.

optical fiber areas, etc.) are "'created" by sub-

dividing original pixels into smaller units and

repeating the DN values of eacll original pixei

witlfin the derivative units.

Tile Nearest Neighbor resan|pling tecilnique

(,p. 431 ) was used on the data set shown in the top

view of Figure 5-4: although pixel locations arc

improved, the blouky effect fro,n individual pixels

remains. Application of lhe Cubic Convoh|tion

technique (p. 431L followed by high enlpllasis

filtering and a contrast stretch, produced the

sharper image in the bottom view.

_3-12: Look/br the same htlihlings you sought

ill question _fi-S. ..Ire tllcy now t'rt'_l mort' easil3'

located? it is still d(t)Tcult to identifr these ImiM-

hl.t's unh'ss ell(' has prior kmnvh'd.¢e of lilt" reghm

Spatial

Most Landsat images co|ltai|l some featt|res

with weil-defincd bottnttaries, l{xar, lples include

roads, water,qamt interfaces, l'e|lce lines, field edges.

and natt, ral fractures (fat|Its. jointsL Contrast

stretching will. to some extent, emphasize those

boumlarics characterized by large tonal differences

ot| eitiler side. Spatial filtering (p. 436) will produce

sharper edges and better contrast. One special

procedure ill the filtering rot,tines is called edge

enhancement. This technique has been used to

bring out linear patterns related to telegraphy and

fractt|ring. It works particularly well in arid, low

vegetation terrains. A linear discontinuity is ust|all.v

indicated I',y an abrt, pt step i'_ reflectance I in imag-

ery. ,t tonal dil't_'rence_ across tile featt,re. I{d,.,e

enhancenwnt maximizes this cfl\'ct by increasing

tile differences in brightness between tile featt|re

;Ifltl its adjacent surfaces, ill a SCllSC. a localized

contrast stretch. Ilowever. bec:tttse the DN's values

,;r good maps and oHwr fbrms ,Jr ground truth.

Comment on this statement.

#5-13: For some reason (which y,m may be

able to de&we il" .roll know the building), the

White llottse does p:o¢ stand out. llower¢., tile

similar si=ed Jefferson .llemorial and the Lee Man-

sion hi Arlington National Cemetery are discernible

as white &_ts. Explain the difference, if .rou can.

(llint: think roof)

#3-14: Beliere it or not. the shadow of the

it'ashington Monumentis riMble in the large red

area ahmg the Mail. Find it"

#5-15: B_ you ]i'd that the l,'rels _q',h'tail

shown in the sererai eula_,,wtcnts attd in the IBM

rersion o]'a ftdl xcene would suJ'Jh.e ,Is an ath'quat,"

,laid source/or updathtg a map ,,]'the major classes

of features hi an urban or melropolitan area (as.

Jbr examl_h, . o)mmt'rcial, m&istrial, n'shh'ntial.

lransl,ortathm nmleS, etc.)" Express )'our reason-

#lg. attd bwhtde shortcoming.

Keep this response in mind as you read through

the description of a classification of Philadelphia

on pp. 224 - 232.

Filtering

at the enllanced edge are nlodified to produce tile

visual effect, the radiomelric fidelity in the im-

mediate area is ,:onlpronfi_d.

Tile visual impact of a high bandpass filtered

image also depends on the nature of the terrain

itself This is illustrated by Figure 5-5, a filtered

image made from a subset of CCT data obtained

during a Landsat overpass above Huntington. W.Va.

(centerL on October 17. 1979. The surroundiug

region is typical of the di,_cted Applachi:'.n Plateau

several hundred kilonlelers west of ilarrisburg.

The combination of low Sun angle (24 ° ) and edge

enhancement strongly emphasizes numerous linear

and curvilinear patterns, nlany structurally con-

trolled, easily missed in standard scenes Icspccially

tho._ taken in sunlmerL Compare the appearance

cf terrain in this version with that of tile same area

as constructed froul nleq:ed radar-MSS data (FIG-
urc o-241.
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Figure 5-2A. A computer-unhanced enlargement of part of a Landsat-1 image obtained on April 3, 1973 showing the Wash°

ington, D.C. metropolitan area, band 5.
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ORiGINAl,, PAOli

BLACK AND WHITE PHOTOQRAI!I'k

Figure 5-2B. Band 7 rendition of the/_pril 3, 1973 scene.
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,ORIGINAE ....

COLOR PHOTOGRAF.H

Figure 5-3_ False color rornposite of the computer-generated enlargement of the April b, 1973 Washi_bg¢on,
D.C. scene.



ORIGINAL. F,':',C,L_
COLOR PHOI'g(_IRAPH

-...-

.L.c_:..-

Figure 5-4. Further enlargement of the April 3, 1973 Washington, D.C. scene displaying the effects of resampling by

the Nearest Neighbor (top) and Cubic Convolution (bottom) techniques.
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III,_CK AND WHITE PHOTOGRAPH

Figure 5-5. Hicjhpass filtered Landsat subscene around Huntington, W. Va.

(center) imaged on November 28° 1974.
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Seve_il ctM1|ptiter ellballcenlellt rotttilles were

ap;'lied to a Landsat sub_.t that cow.,rs a 30 km X

30 km section of the l_iedmont in southern Penn-

sylvania-northern ,Mar3.,land. south of I larrisburg.

The resulting images are reproduced in Figures

5-(cA to D. The town of Ilanover. Pa.. is evident

uear tile left margin. Tile upper left view is a band

7 rendition of a June Iq78 sub,-erie in which a

simple linear stretch was performed. Tile sanle

sub._ene, now subjected to higll bandpass filtering

wit h a Fast Fourier rransform (see p. 438). is shown

in Figure 5-oB. In 5-oC. the band 5 version of the

area has been processed by Cubic Convolution

rcsmnpling. The last subscene (lower rightl is

constnlcted from a F.:brt,ary !_78 Landsat band 7

data set: tile only manipulation was a linear stretch

1o increase the already sharp contrast imposed by :|

natural event, a thick blanket of snow.

Multitemporal

As w_ ilow exallli!le several other enl+;.tllCC -

mint methods, you shotlld recall your experience

during the photoi,lterpretation activity in I+erfortu -

ing the eh:mge detection exercises applied to de-

I'oliation. To evalnate the t, tility o1" these enhanee-

tnent methods, we shall once again tbcus on tiw

gypsy moth del\'_liation in tile vicinity cd" ll:trris-

burg. Pa.

First. examine Figure 5-7 to place the change

detection effects arotii+ ,t. Ilarrisburg in context

with those noted .arlier :lround Ilazleton. ]'his

figure shows a ,'Oml+uter-gener:_ted version of the

same Julia 8. Iq77 scene (Figun." 4-8) u...a..tl in otlr

previot;,' ¢ollsideralion of gyps.v ilIolh dcfoli;ttion.

I lowcver, this EROS Data Center enhancement was

specially contrast stretched to ¢att.,a: 1h¢ ._ene-wide

areas of del\_liation 'o al_pear a:; very dark (ahuost

bl,lck) patches in the dark red foliage along the

ridges. The resulting color composite therefore h3s

all litlliSll;il set of color tOlleS ill which nlailv t'arnl-

land fields appear strongly bltiish tbarrenl to faintly

pulk and red (in early crop growth stage_.

As an optional exercise, outline tile areas or

strollg d,.'foliation throtlglIOtlt tile COlllptlter etl-

h;lllCelnell| {tise Overlay I). COral,;Ire yotlr results

with the oulline of dcl\fliation yoti nl;ly have

elected to draw in I\_llowitlg the =4-31 instruction.

+_.'+-I S. I)+_,.l'+_tt m _tt' dn.v dist'rcpanc'ic._ bctwccn

#5-16: Using the sanw approach as you ,/hi

with qltt'$tion _4..47_ sketch all discentibh' linear

]'eaturcs ,_m a tracing paper orerlay placed on the

fimr _lbscent's in I.'_qun' 5-0. Select I.'igure 5-6..I as

a ,;tandard of rift'fence. Whh'h of the fimr set'ms

bcst ]hr picking out linear ]'eatures?' D:_ all such

fc, aturcs appcar to he natural? Compare the ¢'fft'c-

tirem'ss of Fourier Tnmsfi_rm attti Cuhic Com'olu-

tic m ]br enhancing linear fi'atures aim sharpenfltg

details.

#5-1 7: Locate this subset within any of tht"

images you used hl answering #4-47...lbout how

many more linear fi'atures do you Jbtd in the

I.'(qttrt' 5-6 imagt' than I'ott noted within the :;amt'

,trt'a hi thc full sccnt'" .llake a .kn,'ss as It} the hh'n-

tity (nature) of tht" irrt'gular feature, markt'd h.t" an

+Irrow. lhdl Ot't'lffS in a woodt'd Irdc'! sotllht'dSl o.f"

I[d?lc) r¢'r.

Comparisons

t/Pc two rcr.+i,m.(' 1)o¢._ the t OmltUtt'r rt'rsi, m offer

any sieni]h'ant imlmn't'ment in t/if ease of l_oumhzrv

,h'littt'dlion_' /),tC:¢ it seem lit l,t" more dt'Cllrdl¢'_'

=5-10: For tht" computer version, cart:lidh"

dnlw the _h']'olhtthm boltndarit's ahmg tht" Bhw

Ih_ttpthzin ridge' itt the" ,trea ittst wt'st o.f lldrrist_ttr,4

,m tracing Itdp¢'r. NOW tht the same fi)r the color ;R

,tt'rhtl photo ¢l"it, ure 5-S) covering the saint" small

drt'd ,It a xt'ah' of I:S.O00. This photo was also

m'quircd in Junc 1977. {'otlllllt'lt[ 1)1! the rclatlre

c].'lh'ienc.v ,Lf L,tndsat attd hlrgt" scale at'rial photog-

raphy itt the oven_ll ,letecthm of boundary limits

+z;td dt:foliathm.

(,ypsy moth defoliation may vary. consider-

ably from place to place during a sitlgle leafing

sc;.ison. A once delk'diated stand of trees cau even

gain a ._cotld ._t of leaves ill SUtlllller if the earlier

destruction t_-curred in spring. This is documenled

Icy the ._ries of six computer-enhanced enlarge-

ments (Figure 5-ql of the Wiiliamsport urea on the

west branch of the Susquehanna River tlocated in

the ul+per left corner ol Figure 4-81. monitored by

Land.,¢ll during It177. Ch'mges froip year to vt-ar

may be just us readily detected by the same visual

inspection technique, as is evident fronl Figure 5- I0

:.howing dcI\:liatiem ,tiffcr_:n_;c.., I',+(,it| I o70 It} i G ,'7"_

in the Bl',e Mountain ridges ;|rottnd II:lrrisburg.
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Figure 5-7. EROS Data Center computer enhancement of Landsat 2868-14471, June 8, 1977.
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Figure 5-8. Color IR aerial photo (1:8,000) of defoliated Blue Mountain northwest of Harrisburg, Pa.
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However. this approach is strictly qualitatiw.', un-

less one estimates the defoliated areas manually

by using a planimeter. Mo_" quantitative measures

may be made from data u_d to produce enhanced

images by a variety of spe,:ializ_.'d mctllods. Most of

the.'_" operate on data t'rom single d,ltes. I..'nhance-
ments from different dates :ire conuuonly com-

pared visually to pick out obvious difl_.rences. One

such method. ,'atioing. will be deserib,:d in some

detail. Another method, dirt,'renting, actually

compares data |'l'Oill two diflk, rent dates through a

sitnple mathen_aticai cah:ulation.

Before ilhtstrating these ,nethods. we _lali

need to define a parameter called the Vegetation

Index ¢,VD, This index, nomlally applied to Land-

sat data from a sin_e date. depends on mathemati-

cal tuanipulatkm of brightness values for b.'ulds 4

through 7 together or individu.ll MSS bands O and

7 A._nsitive to high infrared rel'lectanccs from

vegetative matter) and 5 tsensitive to green l\_lia-

lion. which appe:lrs dark in this red band. and to

soils, which are brighter in this band'). Six specific

Vl's. each rcpre..u:nting a particular cotnbination of

variables, may be calculated (see Williams et al..

lOS01 t\_r details and the rationale for each VI').

Thus:

Ratio VI = MSS 7/MSS 5.

Dtft_'rence VI = 2.40 X bMSS 7 - MSS 5) .

Transformed VI = /.MSS _ - MSS 5 + 0.5

Gto.'tl Vl = -0.2q tMSS 4) - 0.5o tMSS 5)

+ 0.o0 bMSS o) + 0.4o tMSS 7) .

Petpendicular VI =x/(Soil 5 - MSS 5): + (Sod 7 - hISS 7):

where Soil 5 = 0.$5 *,MSS 5) + 0.35 a,MSS 7L

Soil 7 = 0.35 [MSS 5_ + 0.15 tMSS 71 .

Ln,xar VI = -2.5S _MSS 4) - ".2S LMSS 5)

+ O.SS q.MSS o) + 3.5o AMSS 71 .

l%_dliams. D.L.. M.L Stauffer. and K.C.I.¢,,vts. 4 I.'orcstcr's I.,aJk

,_r rb_ .Ipplic_tl, wl ,_( Din,g," ll_**._ntp f#L-/I'i(L/* _'_'ltP'_ I]lg*_ '!_ tt'dYif¢'*l-

F4wal £andsat Dat_. 1'_7q Machine Pro,:esqng of Remotely Sen.o:d

Data. IFFF. p. 308-7o. Iq7'4.

Ratio Techniques. In Itioing. the DN value of

each pix¢l in one band is divided b.v tile DN value

of the S:ilUe pixel in anotherband.pixel by pixel for

the selected array _see p. 438 m Appendix B for

details). To produce an image ol" the resulting

quotients, the range of calculated ratios is stretched

(expanded1 tllrough the full digital range available

tfor Land_t. 2 s - 1. or 0 to 255) with high values

assigned light tones and low values dark tones in a

photo product. An example is given in Figure 5-1 !.

Thus, tbr an actual range of ratios between 0.19

and 3.20 fitted to 0-255.0.3o woukl be given a DN

value of 25, expressed in an image as a dark gray

tone: a ratio of 2.15 is given a DN value of 148.

which is shown as a tnediunl gray-white tone. This

scaling is pert'onued convenk'ntly by nmltiplying

the lowest ratio value by zero and all higher values

in the range by 08.7 (._e the numbers below the

iniag,: basel. The distribution of I)N's derived fronl

pixel-by-pix¢l ratios of MSS bands 7 .q _Ratio VD

for the June 27. It)77 stlb.,_.'ene in Figure 5-10 is

shown graphically at the bottom of Figure 5-1 I.

The corresponding black and white 7'5 image

,:onstnlcted I'ronl the expanded I)N values appears

at the top. This image as reproduced does not show

a readily discernible pattern of gray levels because

the hunmn eye can typically di._em ollly about

fifteen to twenty distinct levels. If a broad r:mge

of tnorc distmgttishablc colors is assigned tthc

hulnan eye can discern hundreds of shades) to

these few gray levels, the details of variation will be

emphasized (Figure 5-12AL Note the color bar

scale, with corresponding DN values, at tilt" top ol"

the figure. This procedure is equivalent to the

density slicing Icehnb.lUCS de._ribcd in Appendix B

(p. 4331.

l:igun:s 5-12B and 5-12C show rather sitnilar

color patterns I\w vegetation indices calculated l'it_t
as a Dif!'_rence VI annd then as a Tratlst'ormed VI.

The resulting pixel-by-pixel values may be assigned

gray levels or particular colors m the _me manner

as the ratio image.: These color images sen'e as an

aid to the inteq_reter, who can now exaluitle a
color-_:oded rendition o!" the numerical data

representing the SlXttiai distribution of tile different

Vl's.

:Dift'etent combinations of ratios, e.g.. 4;6.5/4. n_.v be generated.

as reviewed on p. 43a. Appendix B. Each raUo image may then b¢

considcxed as one input in pt'oduetne a color ¢omiposlt¢ !,_omet hvl,.,_

termed color band ratio ¢onilsOSitel. lntleh like the I'otmation of a

standard t_ll_." color ,,'tmIposite IP. 04 L %n example front a dif-

ferent region of the United States is %holin in Ftgu,-x" B-I 3.
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Figure5-11. R3tio image (bands 7/5) of Blue Mour,tain area, June27, 1977.
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Figure 5-|2A-E_. Coior-shce_ ,ec,d,;._o,;;,_,_'our .',p-; c_.v-°gelztior_;_de× image: (see text) showing the June 27, 197 -/

Landsat subscene around ['iueMountain, Pa.
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_:5-20:Compare these three |7 hnages with

each other and with the 1977 shle of Figure 5-10.
Which ones best outline tile deJbliated zones?

#5-21: Is there a possibility of confusion be.

tween defoliated patterns attd other ground fea-
tttres? Cc)mment or e.vpia#t.

#5-22: There art, dark brown (Ratio VI and

Difference 17) or gray (Transl'ormed I'I) patterns
•ahmg the rit_t's. What is the c:ntse of this:'

#5-2.¢: |¢hy arc the colors representing ril'er

water and central llarrisburg so similar (purplish)

in the ratk_ i'! hnage"

#5-24: lt'/.,.r _h) the h_ehwa.rs (whitish lines in

l:_,ure 5-101 disappear ill these I'I rcttditfi_ns?

To show the flexibility and sensitivity of this

type of enhancen_ent in discriminating between
variations in the same broad class, examine tile

special ratio product appearing in Figure 5-12D. In

this version there is an attempt to eliminate all
""n_nforest features and concentrate on the forests

themselves. To accomplish this. the following steps
were tk_llowed:

I. A general classification I sce p. 182) of la"aturcs
in this scene was carried out by using training
sites, from which two broad classes-forest
;|lttl l_onl\_rest-wcre established.

2. In calculating ratios, all nonlbrest pixels were
tntdlirlied by 0 (thus eliminalillg them) and

all l\_rest pixels by 1 (keeping themL
3. From both classified data :ltld ground truth

it was determined that healthy vegetation
had the larger ratio values and defoliated or

stressed vegetation had lower values.
4. To make the image, all non"orest ratioed

pixels were assiglwd a medi_ ;I gray color.

This blanking oft of variable d,ta not needed
in the particular rendition b, one form of a

"'lnzlsking'" procedure. All torest ratios were

assigned colors within the range 0 to 100
(see the color scalc_ in increments of 10.

_ith high values _hcalthy_ in the greens.

tlletlitlL"ll ",airier; i:_ ;',,:r|'_]e,'.:..!n_I ]:_*._.'_'a]tZ-"S
tdefoliated) ill reds.

#5-25:Examine Figure 5-12D. Outline (in

your mind or on tracing paper) the most extettsively
defoliated areas. Explain the light and dark simdes
of green.

#5-26: lsthat can account Jbr the purple and
red patterns atnong the gray tones in the valley
terraht ?

A similar masking procedu_ coupled with

color coding (density slicing) of the healthy to de-
foliated forest patterns may be carried out for the

other specific vegetation index types. The resultant
renditions are shown in Figure 5-13A. Each one
shows certain subtle differences as well. The relative

efficiency for each VI type in discriminatingdegrees

of delbliation or healthy vegetation is shown graph-
ically in Figure 5-13B.

#5-27:Remembering that delbliation sub-

classes attd aspect (spatial orientation of slopes with
respect to directh_n of ilhtmination) subclasses

wen" set up from field and map obseea'atiotts, com-
ment oil the ability to siT,orate subclasses with this

appn_ach, namely calculation and display of vege-

tatfim #tdiees. Look especially ]br ambig_tiO', that

is to say, di]'ficulty in effective separation of sub-
classes, and sttKct'st a way to minhnize this problem.

Ratio images of the same scene intaged on

two different dates can. on quick glance, htdicate
significant changes of various classes or features.

Changing l:actors such as shifting Sun angles or
atmospheric conditions can lead to notable varia-

tions in gray levels or colors between images from
two dates, such that one might think that real dif-

tk'rences ntight exist for the same features at specific
localities, tlowever, the ratios of pixels representing
those classes or features should remain similar if

indeed no real changes have taken place.

The Differencing Technique. Enhancement by
dift_.'rencing is especially suited to analysis of

change detection within multitemporal data sets.

Thus. the data for the two dates. July iq76 and

June 1q77. displa._ed in Figure 5-I0. may be
compared by tile differencing method to highli_tt
significant changes in reflectance. The procedure is

as follows: {i_ The approximately equivalent

ground ::.",2::_t--_m the _:;'o dot,::; art' gcc, ii4etricatly

corrected, scaled, and registered plxel by pixel;12)

1o8



The DN valueslbr each band in one data (and

datej set are subtracted pixel by pixei from their

registered counterparts in the other set: (31 Small
differences (similar DN values1 from the two dates

are assigned medium ,..way tones in a resulting

image: larger differences are expressed in progres-
sively li,,.fllter or darker tones dei_ending on which
date is subtracted from the other as reference: and

(4) Color composite images can be made from

difference images for any three of the four bands.

The individual band difference images for the two

dates are shown on the right-hand side of Figure
5-14. In this case, the subtraction was carried
_lit as:

DN, o __ - DN t _7, + 128 = Difference Value.

TI_ largest ne_tive values are displayed in the

darkest tones and the largest positive valdes in the

lightest tones. The color composite on the left side
of Figure 5-14 is co,_structed from difference band

5 = blue: difference band 6 = green:and difference
band 7 = red.

=5-28: Explain how the yellow coh_r repre-

sents small differences between the dates. (ilblt:

recall which two primarl' additive colors produce
yellow when superimposed.)

_5-29: tChr do large differences represent#tg

defoliation along the ridges show up as bhte?

--5-30: Some. but not all, of the fiehls a_e also

defined b)" this bhw color. IChy?

The differencing technique just described can

be applietJ to ratios as well as single band DN's.

Principal Components and Canonical Analysis

For many applications. Principal Component

Analysis _PCA) and Canonical Analysis (CA) have

proved to be among the most powerful techniques
in image processing of remote sensing data. PCA

and CA are particularly effective in pinpointing
sttbtlc variations in co,,.lposition of soil and rock

materials. Zbr instance, differences in rock type and
in chemical alteration associated with ore bodies.

Less definitive results have been developed for

vegetation. However. we can judge this Zbr ourselves

by applying PCA to the defoliated area around
l tarrisburg.

Before proceeding, it would be wise for you

to master or review the brief summary of the
principles underlying PCA and CA in Appendix B

4.r_.440). Both techniques are based on mathematical

concepts and operations, suchascovanance matrices
and eigenvectors. The following synopsis 3 of PCA

may provide you with a sufficient overview to
proceed directly through this section without

ret'crring to the appendix.

The principal components method makes use
or" the fact that for a single Landsat scene there isa

great deal of redundancy It'or example, between

MSS bat:ds O and 71. in addition, there rllay be

3From Co_ndlon, P., Land G_,','- cTasstth'ation :n ._mthem Rhode

Island :_utg _,hdtidate L,znd_at IISS Data. in Pr._cetxlwazs of the

I:irst I"astern Regional RemoTe Sensing" '_pp_-attons Conference

iN. M. Sborl. _.'dil.). laSI.

redu:_dancy between the same bands on different

dates. Because redundant data do not carry any
added information for classification, one objective

of PCA is to eliminate this redundancy. The t,lethod

defines a rotation of the p-dimensional coordinate
_ystem such that the data are arranged along ax_s

(consisting of linear combinations of the original

data axes'l of decreasing variance. The linear combi-
nation of the radiances from the various bands is

selected such that the variance of the transformed

data is a maximum along the first priz_cipal axis.
The next axis is selected in the same way from the
remaining dimensions. This procedure is continued

until all axes. i.e.. the entire p-dimensional space of
the data, have been rotated to a set of axes of

decreasing variance. The last several dimensions can

then generally be rejected with no loss of significant
information.

Both the PCA and CA methods combine the
data from the Lands.at measurement bands and

produce new bands called components. PCA pro-

duces components that each provide "information

independent of tile others." CA produces compo-
nents that "'optimally separate" a given set of land
cover categories. The maximum numiger of rotated

components tiros produced will be equal to the

m_mber of m,.'2surement bands Isensor channels).

or one less than the number of categories, which-

ever is less. Each component may contain input
from all the channels.

I oq
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The results of I)('A of tile June 27. 1977 sub-

:;cone _re shown in Figure .4.15.,%-I) and Table 5-3.

The four bhlck and white images ill Figure 5-15 are

the visual depiction Of the transformed data points

representing the first, secolll.lo third, and Iburth

principal coiuponcnls. Figure 5-1o is a color cotn-

posite made fronl pnnting the first.._corid. Jnd

thiitl colnpollents through red. green, and bhle

fillers respeeti_'ely. Although this color rendition is

appealing, and can bc re_ealing, the black and

white inlages :ire generally nlore intbrm:itive.

_5-3 !: Dcscril, c i'_n,r iml,rt'ssh ms o1" each of

the fi)ur #ldirhht,ll t'l_)mpo#lt'#lt h#ld,ll¢'$, tollt'hhl,ll

upoti the distinct d_Q_'rl'nct'x betwcl'n fairs, tht'

kinds of dr'hill rt'l'cah'd, and the relatirt' (lmololts

)f ill]'()r#ndth)tt prc._t'llt i/I ('tl(']l.

Now ¢on.,,ider Table .4-3. reconstructed from a

printout sheet containing various statistical paranl-

eters obtained during the computer run in which

the PCA was carried out. The data in step 2 of ihe

table are used to calculate a vari:ln¢e-covarianee

matrix (step 31; note thai tile sanlple variance tbr

each band (channel) is s: arid is recorded ill the

inain diagonal positions. Tile ¢ovarianees o¢¢upv

the ofl_liagonai positions. _)tll i and j rcpre_'nt

the .same ch:mncls in this and the stibseqllent

¢orrelaticul tll.'ltrix. Thl.Is. tile covarianee between

channels 3 and I. or sli = s:l i" is found by nloving

to tile third innnbcr i[ = .'.1 in ¢ohnnn I tJ -: l_.

Nunli'_ers are not recorded at_)ve the main diagonal

beeanse the matrix is s.vnunetrical and thus the

number array is situply :! repeat of those in tile

;.ir_ay below !he di:|gonal in co_esponding sytll-

metrical i_osil ions.
P.l¢ correlation matrix r in step 4 is derived

I'rOlll d:lla ill St¢l_ 3 :l¢¢ordillg to tile relation:

"-" _lIid s.";ire cIizltltlel %itriatlces.
lIV [lere %1i II

.llS ;Ill exalnl"l¢, tlol¢ the correlation belweetl

¢hanllel I [.%ISS band o) and channe! I (,'I,ISS 41.
.. .o ._¢,-_• = t5.041. = >_...For lilt" ealctllation, s_l "%tl ""

;llld "a+-" = 130.150. I!ntcnn.-'. tilt' vahies )hie tilt"

above equation, and m+hing, yields r._! = 0 .....

This vahie indicates a low correlation between

channels 3 and |, thai is. little redundancy, and

hence both MSS bands o and 4 tend to provide

usefill, essentially uncorrelated, independent

nlezsuremcnts. A high vahle for r. such as 0.945

for channels 4 and 3. suggests strong redundancy.

that is. MSS bands 7 and (_ tend to provide similar

values for certain cla_ses that to_ether offcr little

discrimination (scparabilityL

Tile calculations ill Step .4 follow the proce-

dnrt's de._-ribed on p 442 of Appendix B. Note

here that the i rows refer to channel related values

and the j cohlmns to colnt_nent data.

Of special significance are the calculation of

tile total variance_'olnl_onent relation and correla-

lion of channel (band1 contribution with colnl_-

ilents showtt at tile bi:)ttoln o1" this table. Channels

!. 2. 3. and 4 in the table -',re equivalent to MSS

bands 7 through 4 respectively. In step h the i_'r-

centa::e of total variance expl:lined by each channel

is obtained by first snnnning tile channel 01

varimlces{the variance isthe square of the standard

deviationl shown in the diagon:d set of nunlbers at

lilt"lop of lhe eovariance matrix, dividing the

eigenvaluesby thai stnn.and multiplying by I00.

._5-.¢2: (',lh'uhltt" tht" i,t'r('t'ntagc$ o.f total vari-

,mc(' Ji)r tilt" sc(',)nd,ln,l thir, l I)rin,'il,ai ('Oml,Onott$

fscc l'al, h" 5-3).

l'hc_' pcreenl;lges arc intcri)reled io nlcali thai

nlost o1" the n_'t'ul data l'roin lilt' I'our ch:nlnels

II_and,'_it MSS ball,Is) arc conlribuling to the first

colnponenl, .,u,_nlL'wh:l[ It'ss to tilt" ,_cond conipo-

ilt'nl, and least to the third and fourth conlpollenls.

rile corl't,l:ltion belwccn i_rincipal conll_onenls
:lnd individtlal ch;.lllnt'ls is C:.lll'ulali'd t'roln tilt' rela-

tion

I)e_ce el" correlation. R. =
aii * (Xi_l')

Sii

v, licit" I -- channel; j = ,,onll'_onent ; and aii= I-igen-
vector, for itl_ row. jib cohinln: ,'k.= Eigenvahle for

i tl_ ¢o!nponent: Sit = standard tieviation Ibr ith

channel.

=.¢-.¢.¢: ('a!t'ulatc 1_ .ri)r ,'h,uincl 2. c()tnl)onclit

2. ,m,l ti)r ('hanni'l 1. o)Oll,O#lt'tlt 4 (x('c l'ahh" .4-.Gj.
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Table 5-3

Principal Components Analysis Data Sheet

Subscene from 2887-14527 (June 27. 1977)

Data set consisting of n = 242, 491 pixels; each pixel contains a measurement on p = 4 channels.(1)

(2)

(3)

Channel 1 2 3 4

Mean 20.34 19,95 51.93 26,29

St. Dev (s;) 6.21 8,42 11.41 7.49

Variance (s_) - Covariance (s;j) Matrix(S)

38.55
50.42 70.92

15.94 15.47 130.16
-2.25 -8.16 -15.47 56,12

(4) Correlation Matrix (r)

1.000
0.964 1.000

0.225 0.151 1.000
-0.048 -0.129 0.945

(5) Eigenvectors Computed for Covariance Matrix

Eigenvalues (_,j) 184.755 108.267 1.863

Eigenvectors (a=j)

1.000

0.857

i

0.130 0.563 0.767 -0.279

i 0.134 0.787 -0.458 0.391
0.837 -0.063 -0.247 -0.473
0.515 -0.245 0.361 0,738

i = channels (row data)

j = components (column data)

(6) Percentage of Total Variance in the Data (All Channels) Explained by Each component:

Eigenvalue i × 100 X; × 100

Percentage i ==

(for p = 4) -_' Eigenvalues i -lv= ;_=

(Note: -.T.Eigenvalues for all channels (1,2, 3, 4) = _ Covariance values along diagonal of
Covariance Matrix [Step 3] ). The eigenvalues are radiances. Since ;orating the axes does

not change- the total variance, it remains the same and thus the equality of the sums
of the diagonal elements.
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Tahl_ 5-3 (_:lntim..!_. I ..............

(7)

3Jm,)le Calculation:

i = index of variable

_'° '_l = 184.76 + 108.27 + 1.66 + 0.86 = 295.75
"_ _2 = 38.55 + 70.92 + 130.16 + 56.12 - 295.75
_I- 1 "ii

184.76

Percentage variation in the first PC = 295.75 X 100 62.5%

Percentage Assigned
To Each Channel: 1 2 3

62.5% _

4

0.3%

Degree of Correlation R of Each Channel i with Principal Component j:

a " (_,)'_
R,, = " , where a_t=Valuein Rowiandcolumnj;a, isanvelement ii in the A matrix

0.130 × (184.76)" 1.76
= _ = 0.284

(38.55)" 6.21

-0.245 X (108..27)" -2.55
R4 _ = .... 0.342

" (56.12)" 7.49

S,i

Sample Calculation for Rtl =

(i = Channels 1 and 4; j = Components 1 and 2)

R Table
It

1 2 3

I 0.284 0.947 0.167

2 0.216 _ -0.074
3 C.997 -0.068 -0.029
4 0.935 -0.342 0.075

4

0.043
-0.083

0.091
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Figure 5-15. First, second, third, and fourth principal components images made from June 27, 1977 Landsat subscene.
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Figure 5-13. Color composite made frc_m PCA 1 = red, 2 = green, and 3 ==blue, using subscenesshown in F.:gure 5-15.
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The other rahtes err t;re rec:_rded bi tile table.

The h(_,her rahws indicate the specific channels

that contribute most to the information contained
in each componenL

Look again at tile four black and white images.
The first component image, for this type of heavily

vegetated terrain, provides a vegetation-sensitive
indicator. The image in this case resembles MSS

band 6 and 7 images. It also displays the greatest

detail, in some respects it also bears similarities to
the black and white version of the vegetation index

ratio (,Figure 5-11). The second com_onent image

is especially sensitive to urban areas, roads, bare

soils, and silt vanations in water. It renders vegeta-
tion in dark tones and thus resembles MSS band 5

images. The third component image contains little

definitive information, but gross terrain features

are still evident and some sensitivity to water

remains. The fourth component image appears
degraded as most of the patterns are obscured and
seem overprinted with noise.

@5-34: Compare the color rersions of the

composite PCA hnage (l_tre 5-16) and the density
sliced vegetation htdex ratio image (Figure 5-12DL
especially with reference to defoliation and to
details in the ralle.r west of Harrisburg.

Merging ofMSS and RBV Images

As evident front vnany examples in this work-

book. Landsat MSS d::za are espec,.'al!y useful in

studying large areas. However. for many applica-
tions, the coarse (80 m) resolution of the MSS is

not sufficient to identify ground features that may
be of interest. For example, in parts of the world

like China and India where farming is done in very
small fields. Landsat cannot resolve individual

fields. When field identification is difficult, crop
type classification and yield estimation are next to

impossible. An obvious solution to this problem is
to use aerial photography. Even if it is affordable

in developing countries, sttch photography is often
unavailable for many areas of the globe-at least at

the frequency of coverage proviJed by the Landsats.

Recently, work has started on devising pro-
grams to merge digital Landsat-3 MSS data with

di#tai Landsat-3 Return Beam Vidicon (RBV) data.
You may remember from p. 57 that there are two

RBV cameras on Landsat-3, mounted side by side
perpendicular to the flight path of the satellite.
The cameras are similar to a "IV camera because

they store radiation from the scene viewed onto a
photosensitive plate in the camera itself, which
acts like an electronic film. Each camera instanta-

neously "'sees" a square area on the _ound cover-

ing 98 km X 08 kin. about half as long and wide as
an MSS scene. Unlike the MSS. the RBV is pan-

chronlatic, being sensiti_e to light from 0.505 to

0.750/am (blue to near IR_. Once ever5." 12.5 s the
RBV cameras snap a picture of the Earth beneath

them. covering an area equivalent to the top half of
the corresnonding MSS sc,:n," For e_"-'.'2"twe pai_

of snapshots, the same _ound area in a full MSS

scene is imaged by tour RBV scenes, one located in
each quadrant of the MSS scene.

Let us now look at how the RBV digital data

are created. Recall from p. 82 that MSS pixels are
generated as the electronic signal across a scan line

is sampled at discrete intervals, integrated, and

then converted to a di#tal value. The sampling

interval along a scan line results in a pixel 56 m
wide on the grotmd, while the movement of the

satellite in space coupled with the sweep rate of

the scan mirror produces a pixel 79 r_ long. For a
full scene, the scanning process takes 25 s and hence

yields a geometrically distorted picture as the Earth
rotates beneath.

The RBV system works somewhat differently.
Because each image is frozen instantaneously on

the vidicon plate during shuttering, it captures a
planar or undistorted view of the Earth's surface

(except for distortion caused by the Earth's spher-

ical shape). As in an ordinary TV camera, the image
is converted into a video signal. This si-_nal is

beamed to a receiving station if in line of sight or is
recorded on board for later transmission. At this

stage, the video signal represents a ground resolution

of 24 m and can be processed d;.rectly to produce
imagery. In order to merge the RBV and MSS data.

the video tape must be converted to digital format

during ,.zround processing. Alter removing any gee-

tactical errors, the video data are assigned appro-
priate distal numbers (DN's). The_ DN pixe!s are

each resampled to create a pixel equivalent to 19 m
X lq m on ;he _ound. In this new tormat, the
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............. dataarereadyto beenhanced to make high quality
black and white images or to be merged with MSS

data to make high resolution (from the RBV) color
(from the MSS) imams.

The characteristics of merged in_agery, and
the steps involved in matching the RBV with the

MSS subscenes, will be illustrated in Figure 5-17A-B.
Figure 5-17A shows a computer-enhanced black

and white RBV image of the Washington, D.C.

metropolitan area. enlarged from a single RBV

frame acquired on June 30, 1978. The geographic

control points-mainly road intersections-are also
superimposed on this image. The merge of RBV
and MSS images from these data appears in Figure

5-17B. A further enlargement of the downtown
Washington subscene is inset in the lower right.

Tile procedure lot merging digital MSS and

RBV data is straightforward but requires a good

deal of htmlan analyst time and a powerful image
processing computer system. The first step is to

locate _ound control points (GCP's) or. both the

MSS and RBV images. These points will be used
later to fit the MSS to the RBV inaage. More than

forty GCP's were identified on eacl_ image. The

location of each point is recorded by line and sam-
ple number and stored in a computer file.

The next step is to apply a least squares fit to
produce a translbrmation equation, a mathematical

expression that describes the rubber sheet stretch

required to match the MSS and RBV GCP's. The
entire MSS data set is passed through the transfor-

mation equation one pLxel at a time. The 56 m X 79

m pixels are preserved and still retain a blocky

appearance.
In order to make the MSS data more ciosely

resenable the RBV data. the computer must create
the same number of pLxels in the hISS set as in the

RBV. To make the MSS pixels represent the same
area as the 19 m X 19 m RBV pLxels, each MSS
pixel is subdivided into six parts. The computer

then examines its location and also the eight
nearest pixels to it. If the new pixels are in a

homogeneous area. they keep the value of the pixel

from which they are created. However. if the initial
pixel's neighbors are different-as when they occur

at an edge of some sort. tbr example, at the shore-
line of a lake-the values assigned to the new pixels

are adjusted. This resampling smooths out the

blocky _aature of the MSS data giving rise to a more
photc, like image in quality. The two digital images

nov, ha_e the same number of pixels, cover the

same area, and both represent a flat plane projection
of the Earth's surface. The data sets are now ready
to be merged.

At 19 m X 19 m resolution, the RBV data

contain a great deal of spatial information. This

high resolution information is particularly import-

ant for delineating boundaries and showing texture

within relatively homogeneous areas. Any merging
technique should preserve this unique high resolu-

tion quality. The resampled MSS data, now repre-
sented by 19 m 2 pixels, produce an image that
appears to have much higher resolution than in the

original form, but this is illusory since only the raw
data were used in the smoothing. However, these
multispectral data contain considerable "'color"

information, albeit at a coarser resolution, which

should be retained for purposes of distinguishing
different land cover types.

To merge the RBV and MSS data while pre-
serving the high resolution boundary information
and textures of the RBV and the "color" from the

MSS images, the DN values for each MSS band

used in compositing a color image must be normal-
ized as follows:

MSS 4

MSS4+ MSS 5 + MSS 6+ MSS 7
= NORM 4,

MSS 5

MSS 4 + MSS 5 + MSS O+ MSS 7
= NORM 5.

MSS 7

MSS 4+ MSS 5 + MSS 6+MSS 7
-- NORM 7.

To factor in the scene brightness of the image from
the RBV. each of the normalized MSS bands must

be multiplied by the RBV value, one pixel at a
time. The resulting band images are then combined

into a false color composite by using color f'tlters
(for a photo-image) or the TV color guns (in an

interactive computer display) in this way:

NORM 4 X RBV = Blue,
NORM 5 X RBV = Green.
NORM 7 X RBV = Red.

The final merged image is seen in Figure 5-17B.

Compare the merged image w/th the high resolution

raw RBV intage. Note the differences made by

color in the ability _o discriminate land co_ types.
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Figure 5-17A. Enlargement, produced on IDIMS, of part of RBV image 30117-15075, obtained on June 30, 1978, shov,ing

the Washington, D.C. metropolitan area. Various ground control points (GCP's) used to merge RBV and MSS data sets are

located a=ong the Capitol 8eltway (I-495).
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Figure 5-17B. The final merged image made from the R BV ancl MSS data. View of downtown Washington, D.C. enlarged by

computer from the RBV/MSS merged data is shown as an inset.
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We now know that meming of MSS with RBV

data can provide useful images for visual interpreta-
tion because of the higher resolution beyond the

standard MSS product. The next task for future

research is to determine how merged data might be

used in computer-aided classification to determine
if the improved resolution makes significant gains

in classification accuracy of small land cover areas

and of similar crops.

CLASSIFICATION

The most frequent use- of computers to pro-
cess Landsat data lies in the production of class:fi-

cation maps showing the identities of major cover

and use types on the Earth's land surface. If you
have not yet read the review of principles of classi-

fication in Appendix B on pages 445 to 451, do
so now. Two key points alluded to in Appendil; B

are stated here to emphasize their importance: (l)
The classifications are carried out by settin¢_, up

separable spectral classes. A spectral class consists
of a set of multispectral properties (for example.
values of DN's for different bands representing

radiant intensities integrated through selected wave-

length intervals) whose means and variances fall
within a characteristic range that allows that class
to be discriminated from most others. To be mean-

ingful, a spectral class should correlate with a par-

Types and Levels

The classifications described in this workbook

follow the two-level system developed by the U.S.

Geolo#cal Survey for applications of remote sensing
data to land cover mapping and other geographic

uses. * The categories that constitute this system
are listet_ in Table 5-4. A two-level land use map of

Harrisburg, made by the U.S. Geolo#cal Survey

ticular information class, such ar some land cover

type: (2) Identification of the information or land
cover classes may bea p.'iori (supervised)ora poste-

riori (unsupervised). In a supervised classificat,.'on,

training sites corresponding to the different clax_es
sought are located within the scene of interest. The

computer is "taught" to recognize both these sites

and unknowns most like them by comparing spec-
tral classes of unknowns with the spectral classes

determined as standards for the training sites. In an

unsupervised classification, the output is simply

those spectral classes that are separable one from
another. "!im analyst must then independently iden-

tify these elates with cc."responding information

classes through field work, matching with map
cat,fries, etc.

of Classification

using conventional ground surveys combined with

aerial photointerpretation, is copied in Figure 5-18

from part of USGS Open File Map 77-109-I (Land

Use Series), The numbers within the map units
correspond to cover type numbers #yen in Table

5-4. The section of this map shown in Figure 5-i8
was subsequently colored at Goddard.

Remote Terminal Systems: ORSER

We shall start our study of classificatien

methods by following the production of a set of
intermediate and final classification printouts

obtained with procedures from the ORSER soft-

ware package developed at Pennsylvania State
University (see pp. 449 through 451 of Appendix B
for a brief review of the major steps in producing

classifications with the ORSER system). The area
selected lbr study is centered along the Susque-
hanna River northwest of downtown Harrisburg.

rou#fly equivalent to the area extracted from ine

aAnderson. J.R.. E.E. Hardy. J.T. Roach. and R.E. Witmer..4 Land

Use and land Core, C.rssificanon System/or L'se _th Remote

S,'nsor Data. U.S. Geologic:d Stw._y Prof. P_..-_r 964. 19*b.

1974 7V2-minute topographic sheet published by
the U.S. Geolo#ca! Survey (Figure 5-19). The

subscene we shall classify is 95 pixels (N-S) by 140

pixels (E-W) in size.

-5-35. Keeping in mind that the pirels hare
not been squared by resampling and therefore retain

their original dimensions of 79 m across ¢.\_S) and
56 m along (E-IV) a scan line. calculate the dimen-

sions of the classified Harrisburg area in (a) square
kilometers, (b ) square miles.

The initial scale of the printout maps is ap-

proximately 1:32.000. but the versions in Figures
5-20A-E are reproduced at a reduced size, The

subs_ene wtll be classifed first by an unsupervised
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Table 54

Land Use and Lane Cover Classification System For Use with Remote Sensor Data

Level I

1 Urban or built-up land

2 Agricultural land

• 3 P.angeland

4 Forestland

5 Water

6 Wetland

7 Barren land

8 Tundra

9 Perennial snow or ice

Level I I

11 Residential

12 Commercial and services
13 Industrial

14 Transportation. communications, and
utilities

15 Industrial and commercial complexes

16 Mixed urban or built-up land
17 Other urban or built-up land

21 Cropland and pa_ure
22 Orchard_, groves, vineyards, nurseries,

and ornamental norticultural areas

23 Confined feeding operations

24 Other agriculturel land

31 Herbaceous rangeland
32 Shrub and brush rangeland

33 Mixed rangeland

41 Deciduous forest land

42 Evergreen forest land
43 Mixed forest land

51 Streams and canals
52 Lakes

53 Reservoirs

54 Bays and estuaries

61 Forest wetland

62 Nonforested wetland

71 Dry salt flats
72 Beaches

73 Sandy areas other than beaches
74 Bare exposed rock

75 Strip mines, quarries, and gravel pits
76 Transitional areas
77 Mixed barren land

81 Shrub and brush tundra

82 Herbaceous tundra

83 Bare ground tundra
84 Wet tundra

85 Mixed tundra

91 Perennial snowfields

92 Glaciers
i
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Figure 5-20A. ORSER produced NMAP of part of 1973 Harrisburg scene.

186



oR,GL'._L
OF poOR QUALITY

! I 1 I ! I 1 1 1 I I I l I I I I I. I 1 I I ! I

liut | t_rL|lll--. .._! _li_,,_ _,l_nA" 'l_fll.i--I--ttlll_ol_, tSl i1111--.i--..t1_1. II_ttl Jill. I _111 I.. I III--I I1.1.1111 ,l_.lt,.llil 1

I1_ IIm--i,ll_--'I ..lll_._,.,_ll*l¢._.l.l.ll*llliltl--II lttllIlllJt,J, .iiii ...I_dll_iH-_II..1.. i1. iIiwi iI.pll_ll_--i}il_,l_041@.ll_l

il_J l--tI,bll-lO .... -Ii ........ *,,..,,,i,, ..... I.i.l_e i ilnllli i1--. I--.lllll.O_.ii_,ll. I.III.. Ii iii iil_lIl.l.lellltl.i tllIllil_

II_kl I I ***1)_| _111. .. I**,t _,,n_n,l,t,l_**_ _ . all* i--l _11 fllflH,lll ** . il=! i i_ Iin.llll.. t I *.1... t.-iii i ii i i .. i i ii1._.11 , tli..ll t. I

I1_? |--*_--I--ll.l_lll* ..... I*i,l_t_l.l_l_l_l*._l,t4- *llll_i_tll--..-IIIiltlllllll'--.llI Iti,}t_llIl-IIIilllllllt--Illil-Iil_ll.ll.l--ll i_?

;*_, . IILNI I I_-*i II_l$111l .... I *11 ii _ _.1,i... ii_ _1 -. _ i _l,_l_* I Ill_illtililt_l I_" II i--i_l_lllr'II--I _ I I I I II _lI "littlll I t@1 * I I ti*l * I . I I1_

I* _I_Iilll Ii1" I111 tit-- ell I1_

II1_ I II I titll Ittll_lli_ .... I I ill_l_'*_ I'_!11t1_1_1 _il II_i--Itl--lt I _1 "I *1 It _lltl*ll I Itl -" tl Ii IllI}- It*l*l*iI/lll *1 II1_

Ill] 11 i.--tl I I _111_1 I Iilill I_ I ..... "--II J_l_"llt*lHl_l'_ _ll_ _11* "* I I "* I _1 IItI I I I I --Iii_1119 I I _-_1 "'* i .'_t tti1*1 t_ I I *_1" • * • I ! I IIIJ

1116 I * * * I I I _*. i- * *-t ill. I*1-1_1"1 ** ** I tl_ _ll_l_Jili lill_lli_lI-_i" li I _ t_ i* IIIHiti'I_Itl I b !- I. .I-****i6...*--I I|1_

IlaJ

11_4

Ildb

112_ ll*.-.t_**il..l*.n... -**_ll*wl_|* .... Itllli;_ll1_n._*_l**---t_t i*l_ll¢ilitI_llntl_iil ...... --o****.w.*ltl I1_

1124 [lln*..***_*.*l*. **I*I---*I*-HI.H*...I-*l-._nn*_,_n_nri_*-....-.*I..o_-._**H.n*i._.**.*l*** *l.i....ii.¢l.**o.._l 1124

112_ J.*****_*l_***_--_I¢*lIIlll_°.l.-_l/t*ll..tI1_.1.1,1_111.1_*Ii1,iii*_111|* _l_leo._ _*ll_*I..l.l_@l i ii

ll _ I iI .... I* i _11 -_ i* _i * Ill .. I** til**-ti_ Iitl *- lili I 1140

114] l_l*IIII., oo• .... I • * .*l eh_,_H**._H_*_t_ _II-III_'_lll*l*••l* I¢1-.._1 . I •tl o *I*•****-*'I-I*'l 114]

li44 I*'--**ll* .... II --I-¢ * -_*l *I*IHM_I*I **r_*. *I**l_i_lWtle**--I•¢*•_***-I**l.-*--** "*-- II**-..II'IIIl*-•_l 1144

Jl4_ J_! .... . . i •*_ ..o . I-i.i .. i. III_,,_)))_•I.**•_,_,_._.I_••H._A,_I_•--I..I--..o o-.II**d**l*-_i*i*.l..*_• o_l-I| 1146

il4/ l ..... .-Ii ..I **-*i•I••* .ll*,hllll_lIl..=lm*_._n_H•i*e_n_*_.-ilu*l_*--I .i..-.le. Ill i*-•¢ .-e*_. .. .| 114/

|

I1_ I ..o I1-1. .... i o-•_-•_1- ¢1 *•_- .IHII_-..-r_*.,,_.,._-*I_lS,_,, I _u*-iI-ul_• -*u_*•. **.*--**--••11••111_1 o.I IIbO

IllJ |**ll -I1_ 6 **ll*l I1_}. J-- o 1.9111 II i}}il. -- e1_* j. _li* u I I Ib_..l_ fII w I "l t_ tll_ I _" ._ io Ill I11 itl_l* I I o _ o I l. . eo }I . _--..

II_ I* II-III e9 I eeIe • I II " i I II_ I I _*_i'_IIil i- li_:*jl_I'*IIi I _ II'41_ _'_ ' _IIi_I IllI_ i i_il I * i i_@*I I/_I_ • iI "I 616 1IIII I IIll * I ll)I II_

1160 II-I. . I IWIIl-.ltIII-I}l_-l*lt_llll:l.141 • iIilI_ll lli-II:*l_ l_ll 5_-1_Ili_nl'I_ll ._il .t _tIltIlltl .... fill 9.11.8X lifo

-1 116_ I. I. _ **-i.elll. IttttilIIl_l._,ll_l t .... llIl_i_i_l_l_-_,_ I*t'lip*_4_4'l_lfll_l_l_%_le lii41tln¢llll_llll 1•1.1---•1-41 II_

116} I_*_*lo.tl .l*--.ol*l.-*_l•ll-.l*l"_r_411 ..... -I,,_P_*R,I..I•--'r_._'!"*I*i II_'_=*•'tt*!'f_ 1{_;l*',l*-I..o-ItH.l*_*_*l---_l_l I1_]

fl_U ] @--I -III I* i* _-- I I I ------I'I _ I ." I It_*_ll li4_iI* * I I I I _ _,1_1 _ _t _, II LILitillll_ * I llII .HH_ {_iI--It}'-_ll-i'tl _* I I . I I I I I I il II_

1181 1. Ill lui@-@-I I I--@illl@'@I'li&l''ll_lll'$_ltllil@_IIlI'* Ie*@i_*l'(h_ll_*lll_tllll_IH_4'l_l_4_l Ilt*@ttIIIlltl_lIi*lll Ildl

J/_7 I elI@_PJ I II @- I .lIli*l i * @@ltIIt*I*lIllll_l;_MI}*I .i_l_l_lltillI I .... @ilIl_ _14?ll_llli'_ H _'3. OU 3_41. 14.1 Iid/

.-.... -.** ...

ii_ ]*1.-••_. i ---**-* .. |*. I -•*|. **1 .-•-* o-- I I **_r_*•••• I-_ll_lt I .... •i_t I ,...di• | H _.¢*_*, i* }i._O I|]_. i4._ il_J

li_4 I...i--i.1.1,.1.•.o...._•.. .**--.lt*_l••_l_H_-...•el(**-** **-*,_l._*_lus*4_am.i IU0._0 _141. ¥.] 11_4

I I I I I I I I I I I I I I I I I I I I I I I I

9611 ¥_I _III _I_I _II v_l _II _h_J_G_h1__`_6_U4_h:__7_I_

i i _

Figure 5-20B, NMAP for 1977 Harrisburg scene,
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Figure 5-20C. Unsupervised ORSER classification map for 1977 Harrisburg scene.
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Figure 5-20D. ORSER UMAP, 1977 scene. , _
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Figure 5-20E. Supervised ORSER ¢la,=ification map made for 1977 Harrisburg scene,
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i_rocedure and then by a supervised approach. For _-40." What might explain the pattern of ti's

both. the first step is to generate an NMAP. Figures along the west bmlk of the Susquehanna? (ilint:

,, 5-20A--ant_B- contain- a--pai_ofk NMAP-printouts_--Jzngage_lZOULtraitLof_thottghL2

,_ generated from the July 8, 1973 (1350-15190),

_ and July 14, 1977 (2904-!445_) scenes. NMAP is #5-41: Turn now to tile 1977 printout. E.v-

essentially an alphanumeric-coded plot of bright- _inetl1_fbright-_blank)_trip-_ah_g-_th_-_vbsi3i_e

hess levch; that se_'es to help the user locate the o]" tile Susquehanna. B'hat might cause this? (tlint:

main features in a small Subscene of a Landsat refer to,he color composite; Figure 4-11.)

_ _ _image. In the plots shown, the brightness level data

arc calculated as the norm for all i'otir-cimnneis. _ _5-54L:-Thrc_e patieh_-ThU-hib_VddL 2. 31 in
NMAP's of individtr, d band data of any other num- the 19 7.t printout hare been isolated by linear

bcr-o I=ba nds-_an- atso- be- made.-The-legend- (-_r- b_;;_;da,_es-drawn-4n--lq_tre-5-2OA_T-hesefeatures __

right corner of each NMAP) is a symbol count that appear again in the 1977 image but may show

¢, gives the symbol character, the upper threshold, somewhat different reflectance ranges. In the 1977

" -'-" _1_ cotmted lmmber of pixels associated with each plot,, draw boundar.v lines rtulghi.v ,',,uh'aient to

; " _" chm'actL'r, and .the percentage of pixels in each these 1973 featttgv, s and list _n't, slsottda'ng re.

• ,_brightncss _.'la_._The symbols and their statistical lIectances by-s3.'mbol.

da:ra are arrang'i,l with "the class of lowest bright ..... . '

:_t._.s; at-fl_c top. Thus W represents the darkest - .... As you can see. it may be necess,_.cy to

relaectitnce rallies and " " "', a blank, refers to all '_consider nlore than one symbol when trying _ tO -

brightness values above the 32.10 limit (upper establish patterns. In general, it is wise to sketch

threshold), boundaries around the larger, more homogeneous

_5-36." In the 1973 .VM.,IP I_rintout. outline patterns in an NMAP. This is tedious work but is

on Orerlal" 1 or tracing paper tilt" approximate often necessary to organize the patterns in order to
• define areas that can be related to photo images or

hoJmdaries of the Susquehanna Rirer. (llint." water

Itsualh' shows the lowest reJleetant'es.) to maps used in picking training sites or identifying
• classes, if you are ambitious, try that task here.

#5-3 7: .Vow. within these houndaries, draw
_5-43: Otherwise. from blspeetion oi" the

other boundary lines arotlnd contigttotls grotq_s

of fire or more of the sanle brightness s.rmbols, prhltout, eomnwnt on tile orerall homogeneity of
normalized relh,ctcnee patterns in this scene.

Some (JJ" these may represent patches of greater
(lh're we sitar J_tbte homogetteity as a cluster o!"

re]h'etanee from the water: others do not. Sttggest
ten or more o]" o;,-" same synloois.) ..tccount for tile

an hh'ntit.v for such patterTts. (llint." h]ok at the

hand 7 pho to itnager i_.'i_tre_4.oB.) rariability you ,h'tect.

._ , , - _5-44: Is'hat is the range of limits (normalized_-.-,_,_." What brightness lerel (limit) would

you expect from concrete roadways? Outline tile brightness rahws) for tile 1973 ,\_II,,IP symbols 1¢

Ioeathm of interstate $3 and its interchanges, dtrough :. ; fi_r the 1977 symbols 1¢ through • ?

which hare concrete surfaces. (.Vote also the increments between IV and !t al,d
between =attd +. ]

_5-3q." The ridge top on Blue Mountain. just
These limit values are roughly equivalent to

to tilt' tmrth of the interstate, consists of a light

cohered sandstone unit. Outline this feature, percentage rellectance. Usually but not always, the
reflectance range is somewhat larger for individual

bands. The number and values of the limits are

selected empirically from the statistical data ob-

tained during pmcessit:g to produce the final

'_ l'he nora* in flux t-a._ is the grouped brightne_ value representing a NMAP. You should conclude from these numbers
mullispeclral pix¢l that results from combining the btightae_

_' ralues Ibr each xpectral band. It is ;alculated as a resultant v_¢t,._'. ' . that tile differences in reflectance from OI1_ pixci
'" :n fo_.dimcnsh, nafl _p;_cr ." tO the next can be m_all, particularly if most of

lqi



, features in the sqhscene (i,lc!udmg3eso!ution and

._)_mixed pLxei effects) as well as. the "choice of
:.limits.ba._d onthe statistical data. ,

,- . " 5

; :+ #fi-dfi. Lo_tt" tilt" area col'cl'cd ill tilt'

the scene is composed of features with similar for _.parability. The computer program then

reflectances in at least some bands, selects trial clustering centroids fronl the first

--- Indeed. the differences--observed ill-this ---scan-lineqn-the-dat:_bl_ iilitial pass_hrot_d-i

tlarrisburg data set correspond to a narrow range th': data establishes these cluster centroids. The

1"3" t -, ---of reflectances ( _- _ for 197_q. Extremel_ -+ pixe! brightnc.s_waluesare_compared-with-each-of-

bright objects (for example, clouds, ice. sand) are the cluster ce:Rroids during a second pass. Each

not present in the st,bscene, and water generally pixel is thus assigned to the cluster with the nearest

shows norm reflectance limits between 12 and 22. ccntroid. Then° in the printout, each pixel is

Thus, the frequencydistribution of reflectanccs recorded by the alphanumeric-symboL that desig-

is biased towards lower values owing to the ab- hates the cluster to which it belongs, if the user is

sence of clouds or other bright objects. The not satisfied with the first results, he may rerun

heterogc-neity---of--symbols--o-v_t _f t-TIi_:--Hre-prog_nl-witl_qga_tlii.Z-p_f_-;¢aiues -- -

NMAP is a function of the natt, ral variability of until an acceptable classification map is obtained.

.tccei_tatiility is somewhat admit'clive dur/ng the

prtwessin_ and ma|' dtTend on the anah'st's

_: ]udl_t_.lt'nt that the rcszdts "'look right" bas_'d on

his familulrity with the scene or direct contparison

with aerial pltotos and other ancilhlrv data Usually

.\'.11.-11'_ in tilt' band 5 images q'or 1.¢50.15190 a trip to thefield or a-searctvthrou.i_h-maps-js the -:

und 2004-14452 (l:ixnlre 4-_..I and 4-10..1). Match

all)" of t/If HOl'ttl reflectance patterns .VOlt di$ct'rll

in the .VM..IP to their exprt'sshms ill tilt' band 5

images. II'hich has morc apparent rariabilio" attd

appears to rt'cogtti'.t" snlalh'r hwal dif/'t'rcttct's ill

re]h'chlncc, the hand 5 image or .VM..IP?

After the NMAP has been t,sed to verifx that

the area to be classified has been correctly selected.

sew.'ral optiorls exist for subseqtwnt processirlg.

Normally, the data are classified into land cover

types by using either unsupervised or supervised

procedures. The data may also receive special

processing on ORSI-R to produce enhanced

Otltptzt (band ratio, canonical analysis, etc.I as

character or gray line maps or-as-color images

ton RAMTI-K or DICOMED systems).

The unsupervised classification procedure

is used when detailed ground truth is not avail-

able. Although this is not the case for the Ilar,'is-

burg subsccne, we shall move through this_

procedure to cxemplil)' the characteristics.

accuracy, and interpretability of this output

type.

The analyst enters the subscene data set into

the ORSI-R program called CLUS. lie also pro-

vides certain param,:ter values such as total sample

size. maximum number (up to b0. but usually

nluch lower) of desired clusters (sets of spectral

signatures developed by cluster analysis: see p. 44oL

and limits of l-uclidi:m ,list-races _-_ c._teria

final recourse in ,leciding up(.a validity. 6

All unsupervised classification map for the

Ilarrisburg subscene within 2o04-.14452 is shown

in Figure 5-20(?. Sixteen clusters were set up for

the rhn. Only 54 percent of the i, ixels in this

scene could be matched to a cluster. A seventeenth

category (blank symbol) represents all remaining

unclassified data. Tiffs results from (lj scene

heterogeneity (diver._ ground I_'aturesL which

introthlccs so tnuch variability that there are not

enough pixels to establish a cluster, and t21 the

mixed pixel eft_'ct (p. 831.

.75-4&" Cob Jr part of this map ]h_m line 1120

to I lot) (top .'o bottOnl). Fur t'lt'tttt'tll.$ ( horizotltal)

On I to 1021. mark t'tich pi.x'i'l witli the; coh_r you

t'/lO<L';t" tO tl_$igtl tO tilt 5.Yltlbol$. For t'h'/ttt'HtS

1022 to 107o. ignore "'strays." i.e.. trot, or somt'-

timt's two pL\'t'ls of a d(fft'rt'nt t'harat'tt'r hwatt'd ill

ti hlrqt'r array of tilt' saint" t'harat'tt'rs.

=.;-4 7: LIsing ,:ny source of in/brnlation

availabh" to ruu. try to guess the identity of the

t'lasst's lilt'st'tit.

1_Ibis was aptly demonstrated to t._ author after he produced Ills

first unsupervised classification 'a,'ith the L ARSY5 sv stem dc'_ eloped

at Purdue Umverslty. Six classllied maps wet'x" made for an alea on

the western qank of the Wind River Mountains in¢*'_ omt_. These

,_lxl_tded the terrain into live to ten ¢las.,,es. None of the_, made

any inlcrplctable sense until the author looked out over the scene

from 4 rldb'e ,!..I ViSUiI|_.' sele.'tcd the inosi ihcanlnglul llla|'L ]lie

imlm_rtan,:¢ of field vt'rll'it_llhln il treated m Acttvtt50.

1')2



• ' " _*"-'" ...... " "" ' U groups YouThe supervised proced_re is used whel: t,_c- rrJ_.."- - t-_;,'z.... ,ac,. cj the ten

analyst already has detailed ground truth {usually picked, place the symbol of the dominant norm

........ in the form of.t_n'aps an d a__eria_l photos_but also as reflectance found on the NMAP to lie within that

"°windshield" surveys, personal knowledge, etc.), group. Inspect the * groups to ascerta_ Th_ ea--_lf

The spectral signatures of Ilomogeneous training one bMeed contains a wider rarietr of NMAP

sites established from the _,m'otind trutll become the - --_'mbols.- -

reflectance standards to which all unknown pixels

are referred in generating the final classification1. By using tiffs approach and by drawing upon

The first step is production of a spectral information from the USGS topograpltical and

uniformity map (Figure 5,20D)_The- UMAP pro- - land-cover maps and aerial photographs,-a total of_ .

_am examines the reflectance values for each pixei

.............. :arid co_tpares these with the values lbr three nearest

neighbors. If the pixels are very different, or far

.:. apart in vector spact -7 the index pixel is considered

" ' _. to imv_.ve.ry low tmlformity (high diversity with

" :_ respect :in ffs: surroundings). This would occur. Ibr

' . example. _)here a corm'rote bridge crosses water and

sixteen spectral signature clusters representing

different named categories were selected and

statistical parameters acq_-d-t-f-c--Chf'-tfiii separ-

ability calculated for each. After carrying out

several intermediate steps (onfitted here), a final

: supervist_l ¢lassilication nmp (Figure 5-20E), at

_:the same scale as'NMAP.',md; UMAP. was printed.

• ".:_ one :pixel c_rrespoad_ only to the bridge and the _ . In this mala. the legend: in the lower rig.ht gives

__ _ :, ot!aers only to water. Iiowever, if the pixel and its the category (class) -nantes, Symbols, and pixel

three neighbors to the east. sdutlicast and south ;ire-_-_ounlTffrequency of occurrence);- which- may also--_7. :_:.::: ....

very. close spectrally, the index pixel is considered

uniform: this happens where all four pixels repre-

sent water. Every pixel in the data set is tested in

turn in this way and llle conclusion displayed as a

character map. For the 1977 Ilardsburg scene, the

symbols indicate

U = greatest uniformity,

-= moderately high uniformity,

= moderately lo_ uniformity.

* = very low uniformity.

--5-4S: On tracing papcr, draw boundaries

be calculated as a percentage of the total area

occupied by each symbol (category). As would

be expected in the real world, some categories

extend over broad uniform areas much larger

than their training areas, yet other categories are

isolated or interspersed.

#5-50: Color as much of the CLAS map as

your time permits. Use the same colors, and

scquence, as you chose for the CLUS map. In

general, ;gnore "strays" in a larger, more homo-

an_ttnd at h'ast It'll gr¢_ups containing ten or mort _ - geneous symbol grollp b.l"

U's. ..llso. draw boundaries around Jh'e grottps of

_'_. .Vote the wide rariet3' of shapt's thesc grolq_-

ings t'dJI I'dkt'.

l'hcse U groups now become favored "'train-

ing areas." which would serve as the best data

values to establish training signatures for the land

assumb:g that the

strays belong to that group (this "'smoothing"

p_rocess ma.v be unwise as it rejects truly different

features, but it is commonly done to prot,ide a

simplified end product.)

#5-51." Compare tilt" corrt'sponditlg colored

sections oJ" the CL..IS and CL US maps. Which has
cover types of interest. The UMAP only singles out
Hie areas of spectral homogeneitY: the NMAPand ----a more realistic-look? -- ......................

available ground truth data must be used as guides

to determine what the land cover actually is within

each U group.

7In mathematics as ap|,licd In Image proce_ulg, thil teml refers It) a

point m multidinlcnxlotlal space, as dvlined by a vector ftonl the

,_ttgln of tile coordinate system, which sl_,..cffies the intensity value

for the c_)mbin_.'d individual variables (bands or ¢l_annel$) t_l an

N-_i;ac¢ multi_aru:." ::7::'.e_.

"*¢ _ " Some categories have the same gen-

eral corer type name. Can there be real difJi'r-

ences between these categories? ('omment on this

and explain how you might improve the categori-

2ation of the chtsses.

_5-53: lt'hat possible real features might be

rt'l_rescnted b v the blank _ymbol?
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#5-54: Why were several diverse features raptdly.ACLOSoraCLASmapcanusuallybegener-

htmped #,to this "'other" category? ated in less than an hour, using only a few minutes
of compt__terr_tjmem_23__They tend to show intimate

.................. #5.jS._-iC_tatat-wotild roffhave done to rain- details. Each pixel, or aggregate of pixels, is dis-

imi:e the occurrence of the "'other" category played by a symbol that can be found in the print-

attd Come up with some new Mentities (cate, -out aiid c0nsidi_-a-safi-individfialparce[-o-_;

gories)? and (3) They tire inexpensive to produce. Costs in
computer time :rod terminal rental required for the

The classifications we have just surveyed are invalu- production of a CLAS map of the size in Figure

_ble-for- tliiee re,sobs! (I) The_ _5h be inade fairly - 5:20E-amdtmf-ffo_o_ly h-few -d-dlla__

In-t-er cfive-Sys cerr[s IDIMS

Despite the advantages of time, detail, and 512 kilobytesofcore (CPU) nlemory. Programs and _ __
_,. _ 'costs, • many users find the alphm_umeric maps raw data are read into and stored on discs whose

..... <: r_her'-sterile, hard to read, and a ntdsaace when ._ capacity is expandable to 1200 megabytes. CCT-

,.: :_.. they mus_'-be hand-colored. There is a growing shift retarded data are read into disc from low (1600

.... towards-u_c of interactive computer systems, even bpi) or high (6250 bpi) density tape drives. Use of

though fllese can range in cost frolrrseveral thou--- all-arra_ processorTpermits fast computa_tions_foF_
sand to half a million dollars, since experience with

their extreme versatility and quality of output
endows them with an "aura of popularity.'"

To appreciate :note fully the typical proce-
dures for constructing a classification from training

data by asing an interactive computer/display, we
shall next simulate the activities lhat might be

carried out if you were the analyst at the console
of the image analysis system at ERRSAC. Once

again, we shall classify, a subscene that includes
llarrisbu_g, Pa. The photographs shown later in

Figures 5-27 and 5-29 through 5-32 were actually

classification or other processing by using the
four MSS band data sets. The Advanced Scientific

Array Processor (ASAP), built by ESL, performs
computations on a matrix of numbers in parallel

(in an array) instead of serially as do standard

computers.
The Comtal monitor displays 512 raster lines

on its screen; each line can accommodate up to
5 ! 2 pixels. Typically, the size ofa Landsat subscene
is matched one-to-one to the monitor resolution

capability, that is to say, is constructed from a 512

X 5 i 2 pixel set (equivalent to an area about 40 km

taken (with a camera) from the TV monitor display_ . [25 miles] on a side), assunfing that the pixels are

coupled to this system, squar_ to 80 m X 80 m equivalent dimensions.

This system, called the Interactive Digital larger areas can be displayed lull screen by ushlg
• ,. Image Manipulation System (IDIMSLdesigned and only every- ntlr pixet and dropping those between

marketed by Electromagnetic Systems Laboratory (tllus. in displaying a 2048 X 2048 image, every

tESL) Inc.. of Stmnyvale. Calif., is a complete fourth pixel is entered in both horizontal and verti-

self-contained image processing system capable of cal directions, and the three intermediate ones
extracting information from imagery of all types 'are not used; this obviously reduces image resolu-

including multispcctral data fro m Landsat. its lion). Smaller areas(enlargements)__edisplayed ....

capabilities result from an efl_'ctive combination of
a minicomputer and a floating point array proces-
sor. This hardware configuration provides both the

processing sped.d and memory capacity necessary to
handle the large quantities of digital data returned

from the Landsat MSS. Figure 5-21 is a simplified

block diagram describing the IDIMS configura-
tion at Goddard's Eastern Re_onal Remote
Sensing Applications Center. The minicomputer is
,_ II,:w!ett-Packard tip _000 S,'fi,'_ !I unit wi3.h

by repeating the same pixel n times along each line
(a 128 by 128 pixel display repeats the same pixel

four times). The ASAP can process as many as fifty
different classes from a 5 ! 2 X 512 data set in less

than l_-e minutes. The operator typically requires
about two hours to carry out all phases of a

classification in a Landsat scene or subscene by

interacting directly with the computer from a
camammt console or terminal keyboard. E;ther a

CRT 9_'_en or a line printer serves to display the
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ORIGINAL PA_

BLACK AND WHITE P_

CRT

Graphics
Terminal

"- ], (_ptronics,Film ....

t Recorder

CPT

Terminal

HP 3000 Series !1

Computer

512k bytes core

Image
Display

(Comtal)

HP 21 MX

CRT Computer

Terminal Array Pn)ceusor

ASAP

Control
Terminal .............

Figure 5-21. The IDIMS configuration at ERRSAC.

Figure 5-22. Operator (W. Campbell) at keyboard and display console of IDIMS at ERRSAC.

195



commands input by tile user or analyst and the itarrisburg. Pa.. and its environs. Landsat data from

prompts_, messages, a,ld numerical_ data_returned ..... I_otlLOctober__Lk 13L72__see Fisure _2Land_uly
from the system. The operator may also access the 14. 1977 (Figure 4-1 I) will be used interchange-
computer from terminals or display tied to the ably. 9 This classification results from a supervised _ [

............ system VFa a telephone linkage. Called a modem' _ pr0cedure-iliat- depends on correlating spectral

Figure 5-22 _hows an operator at tile keyboard and classes with known categories of ground features.

display console of the IDIMS facility at the Goddard Training sample sites around Harrisburg may

Space Flight Center. readily be set up by reference to several sources of
......... TliC_6 t_are-_:6n_sf 6fprogramsdrawn from gro-und _itli' Tile U_S. Geological Survey land

an expandable library currently containing more cover (Figure 5-18) and topographical (Figure

........... th_ul_250_t_rocessing £unctions._Thc ana|ystmnay-- 5-!9) maos_mlMoye-d-irvthe-ORSER-elassifieation
also consult a menu to choose processing and (p. lb2) may again be consulted. However, the

• ... display functions; those lists are usually displayed primary source° used most frequently during the
...... directly onthe screen. The most frequently applied actual classification, is shown in Figure 5-23. This

: functions, consist of classification algorithms using is a color IR photo (scale 1 : 117,400) taken on

_ _ ,:-maxilnum likelihood or minimum distance class- .February 5. 1974 from a higit altitude (18 kin)
,, ;+ ifiers (see p_447) and anelysis algorithms providing -- RB-57 aircraft, it should be of interest to compare
. :, class sunmlaries and statistical evaluations. Other _ this photo (ground re_sr_h!tion of about 5 m) with an _

useful functions perform image or data manipula: enhanced (stretched and l'dtered) subscene (resolu-

tions such as geometrical transformations, intensity
transformations (including contrast stretch), spatial

filtering. Fourier transformations, mensuration.

grid and graphics overlays, and specialized enhance-
ment techniques(see Appendix B for more detailed

explanations).
In addition. IDIMS may bc integrated with

software packages for processing other types or
sources of data" ER!S (Earth R,:sources Inventory

System) is a set of distal files containing ancillary
data of many kinds (for example. ,.'.round truth
measurenlents, field surveys, census statistics.

aircraft fli,.,': t,'_ rvations), which can be merged
or correlat , witi_ .andsat data and analysis output.

tion 79m) from the October 11, 1972 Landsat over-

pass that covers almost tile same area (about 24 km
[ 15 miles] on a side). The color in this summer sub-

scene, shown in Figure 5-24, was adjusted to look

roughly like that of a winter aerial photo by
subduing red and _ncreasing blue.

#5-56: Locate the subscene in the fall 1972
(1080-15185: Figures 4-1 and 4-2)frame.

#5-5 7: First. calculate the ratio of the alti-

tudes of the Landsat spacecraft aim the RB5 7
Then, compare the aerial photo and Landsat sub-

scene, makhlg allowances/'or differences #z resoht-

The GES _, aphic Entry System) allows dat:_ - tion and in time of year: Give your appraisal of
from thematic maps {e.g.. topographical, land use. the degree to which this Landsat image call sttbsti-

political boundaries) to be entered in line. point, lute for or "'compete" with small-scale aerial
or polygon formats by using an X. Y digitizer and. photograph)" in terms of ability to recogni'_e
if desired, registered to Lands, at data. Input/output lerel I land col,er categories (see 7"able 5-4).

from IDIMS-ERIS-GES may also be integrated with
a Geographic Information System (GIS), w_ich " #3-583 List atl¢_ast-fbur-level ifcat_,gories

organizes and compares diverse kinds of int'ormation
(for example, topography, climate, soils, land

ownership, population density) r.'ferenced to a
common data base (usually geographical coordi-
nates).

We shall now proceed to run through a
classification of a 512 X 512 pixel data set covering

8Modem = Modulatoi-Demoduiator.

identi#tble in the aerial photo. Put a checkmark
next to any of these that you believe to be also
identifiable in the Landsat subscene.

9Most of the classification steps are demonsUated on the July 1977

scene (easgy identified by the completed section ot Interstate 81).

Owing to problems in recovering camera-quality ima_ry, the final

clasalfiea_ion and several intermediate images were nece_aarily

selcctcd from the earlier 1972 scene. However, a classification of

the 1977 scene, with somewhat differera classes, is depicted in

Figure 7-13B.
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ORIGINAl: FA-GE

COLOR PHOTOGRAPH

I

Figure 5-24. Computer-enhanced enlargement of Harrisburq region made on IOIMS from Landsat overpass on

October 11, t972.
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#5-5q: Place a l,iect" of tracing paper orer cause a pixel has tile same coordinates in each of

i,'igure 5-2.¢. Outline variovs small area (t.vpicall.v. the bands, any three bands, usually MSS 4, 5, and

0.04 to 0.10 sq. km or ,tpFroximatel.l' I0 to 40 7. are easily registered and each assigned a color

acres) samples os'_as-many diJ_ti,rent-and separablt:.- fromAhe--monitor-color guns to-producc_a_'alse

land corer categories aS yOU can rt'cogni.Te. Make a color composite {Figure 5-27C).

_ I£_t. of lht'st' catrgories. Then. try to find tht'ir Some geometrical corrections are generally ......

discernihh' counterparts on the IV 72 1,andsat sub- applied at this point. The most important of these

st't'nein Figure5-24. is an aspet't correction made to eliminate the

foreshortening effect. The diagram and discussion

Fi,,urc 5-25 is a _eneralizcd l]ow chart outlin- below explain the rationale for this.
....... y .......... - ..............................................

ing the procedural SetltlCllce analysis of Landsat Suppose the objective is to displaya 5 ! 2 X 512

images on il)IMS. Figure 5-20 is .a sample of part Landsat pixei subset in its correct geometrical

--- of--tht_{ine-hyqine-session-history •of image analysis ..... state;- t h,'rt--is-_eographit'alty--valid--and--with-.no-- .............

as displayed in rcall time on the terlninal screen and, distortion, on a monitor consisting of 512 raster

in this_,ca._, copied as output on ,l line printer. . lines, with each line subdivided into 512 pixels

_:..' i,&ime Of, the lines were typed: in by the opcr,[torbr ...... [similar-to [lie Slaludard Ilome TV sdeens). Eacli ................

Lantlsal pixel,"howtwer, reprt'_sents a ground

dimcusion of 79 m × 50 m {see page 83) and is

therefore rectangular (a)L EachTV pixcl is square

in shape (bK In reading Landsat pixel data from a .....

,:, .'_" aH:)lysl"-')s ¢olnlilalld,l. decisions, or commems.

_._ "file con_uter responds with apl_ropriate iulbrma-

lion or instruclio:ls, either instantly if the response

_is an automatic, or default, statement, or after

some delay il calculations are performed. In this

example a routine was created for poiot opcratioqs

ou a single band of kamdsat data; this is thou

"'saved" in a coltllllalld file for retrieval ;llld use ou

std+seqttcnt data .sets.

In carrying out that classification, the usual

first step is to displzly lilt area o|" interest within

a 1.and._t scene on the ll)IMS monitor screen, lu

one routine, each qttarter strip of a full scene can

be displayed by !ts¢ll'. or in succession tmtil the

eutire frallle has been as_'nlblcd. The geo:netric,llly

uncorrectetl quarter strip containing the I larrisburg'

subsccnc (see arrow_ is shown in Figure 5.27,\.

A B C

CCT onto a TV display, each of tile 5 ! 2 Landsat

pixels for a scan line will produce a TV pixel. Thus.

a rectangular Landsat pi_xel is represented as a

square TV pixel. As displayed on the screen, the ar-

ray of I.andsat pixcls will experience an aspect

foreshortening o1 about 29 perceut vertic',dly (cal-

#5-hO." Locate this strip #: the lidl Lands,:t culated as 100 - [100 X 56/7OI = 29). Because of

" - ._t't'?tt' (l"i.krttrt ' 4-11). Is the diret_thmof distortion - the _tuare TV pixel constraint, the aspect coffee- -- -

or foreshortening in the quarter strip horizontal, or

rertk'al?

Fronl inspection of the full image, any desired

subset is blocked out by using a trackball-driven

moving cursor to position arrows at subset corners

(see arrow in Figure 5-27A). The coordinates of

these corner points, given as line and sample nunl-

hers, are read from tile sereetl. I 0 These coordinates

are entered through the keyboard to display each

band of the subset image; band 5 (red) is shown in

Figure 5-27B. A separate reference map of this

subscene may also be printed out on a printer/

• ._-_ S). Be-plotter at up to 32 gr, tv levels tFigure " "'

lion must be made by adding some nun_ber of new

lines to the origin'M 512 MSS lines to produce a

new array (eL This number is (70/50 X 512)-512

= 722 - 512 = 210 new lines. In effect, this requirt_s

l°lnt'otntation on this and other characteristics of the image it pre-
_nted as display annotalion for the v,rene as _own m the left
corner of I:_ute 5-27C. The point at the head of the cut,or arrow
(left of center) is referenced as follows: St) The number pailr
under AB refers to _reen coordinates tin the Y, X dire_ion);
thus Y = 227 and X = 17 | for a 5! 2 X 512 raster-pLxelscreen;12)
the pair under PR gives line I and t,-;wl¢ s number for the im_
data _et; thus I - 220 and s - 172; 13) the three numbers under
IV correspond to the retl_._taneevalues or _he pLxelat the arrow
top: thus eh_nnd 4 (= band 7) is 22. channel 2 (51 is 2.5,and
channel I (band 4) it 20.
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Figure 5-25, Flow chart showing proc_,dure5 using IOIMS for image atglysis.

200



ov eoo QuAuW.

1 _ .TI_I_._ I_I}_BY I__DISPLAYS AD SlNCLE_ ..........
2 TITLE: HAPPING (POINT OPERATIONS)
3 IM2: NAG. BBG. SS
4 - COHEn:--571_TEI_ X 57 NETEB8 P IXEI_) ....
5 CONNF_.NT: BAND BY BAND INAGE DISPLAY NEXT.
6 C512>
7 I N.?.>
8 COHNENT: Tills IS BAND BY BAND IMAGE DISPLAY

" -! ..... 9- ..... COlqHEI_:--THI S_t HAGE--MIS-BEEN- ASP E_'W--I_Tt O-COBltEU_ED-UBI NO
10 COHNENT: HACNIFY. (VERTICAL ELAGNIFICATION=324®/234®)
II CONNENT: INFRARED BAND DISPLAY AND HISTOGRANNING OF IT FOLLOW.

....... ! 2 -- -> PAUSE- .....
13
14
15
16
17

.- ,:lB
19
20
21
22
23
24,
25
26
27
28
29
O0
31
32
:33
34
35
:36
37
38
39
40
4,1
4,2
4,3
4,4
4,5
4,6
47
4,B
4,9
50
51
52
53
54

SE 0
H ISTOG • -

. > PAUSE ...........
HAP 0 127-TO 0 255
H I STOGV

" COErlqENT_.?HIT-Z TO GET DFN OF lrJLPPINC ' BONE.JUST NOW
, > PAUSE
DFN
> PAUSE
HAP 26 82 TO 0 255
H ISTOGV
COI_ENT: THIS IS A LINEAR HAPPING WITH SATURATION.
COHNENT: HIT Z TO GET DFN.
> PAUSE
COI_NT: HIT Z TO GET NONLINEAR HAPPING.
> PAUSE
HAP 0 26 27 62 B3 127 TO O 26 27 240 241 255
HI STOGV
CONNENT: THIS IS A NONLINEAR (PIECEWISE LINEAR) NAPPING.
COHHENT: HIT Z TO GET DFN.
DFIq
COHIqENT: DENSITY SLICING NEXT.
COrlNENT: HIT Z TO CONTINUE.
>PAUSE
FR:O B 9 22 23 52 53 64 65 255
TON: 0 0 60 60 leo I00 160 160 255 255
HAP FR TO TON

.,:CONNENT: THIS IS--DENSI_ SLICING, ........
CONNENT: HIT Z TO CONTINUE.
> PAUSE
DFN
COHNENT: PSEUDOCOLOR HAPP I NG NEXT.
COI_NT: BIT Z TO CONTINUE
> PAUSE
TCC OLD DKBLUE O
TCC OLD LTBLUE 80
TCC OLD CREEl{ 1O0
TCC OLD DKGREEN 180
TCC OLD RED 255
CONNENT: END OF POINT OPERATIONS ON 81NGLE BAND.
CONI'[ENT: TYPE TCH3 TO START ON HULTIIbkND OPEBATIONS.
I/_.:

Figure5-26. Typical "menu" (line by line IDIMS sessionhistory) seenon consolemonitor(here,a line printer product).
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COLOR PHOTOGRAPH

Figure 5-27A-D. Monitor display of steps in IDIMS processinq (see text) of Landsat Harrisburg subscene.

202



ORIGINAL PAGE

BLACK AND WHITE PHOTOGR,MIII_

Figure 5-28. Printer/plotter map of density levels in IDIMS display of Landsat band 5, Harrisburg subscene.

203



J.

new l',ixcts It'* I'*e "crcatt.'d'" to insert "it)"dunmly" hi.,,io_la,n iw.-, bccn e.xpandctl l',y a .slr,li_hl lii_+ai

lines, l'he DN xalucs assigned to tile full array of strclch to limits of DN = 0 to I'IN = "tO tFigur¢

pixets t72" lincsX 5 I _pixels, lin¢l arc determined ...... 5-2')..\L !'he displayed it llag¢ rcs.'ttltitlg from this .....

by r_.:sanlplirtg p__cedur,..'s, such ,Is the Nearest

Neighbor res:unpling described on page 153.

|'he new ariay with tllt.'sc added lines may

[',." IIS.'*.'d [O lll;.Ike ;.I I,holt'*gr;ll'*hJc l'*rt'*tlllCl Oil _.l

fihn recorder. I'his inl:lge is expaudcd ill Ill:.'

vertic:tl (llOrlll;ll lo l';.Isler lilies) :llld is IllllS ;l

slretch is shown ip, lhe backgmurtd.

*.,;on,,ctimes the full dynamic range t0-2:;51
;p, ailalqe lbr strelcliing is selected, l'he histo-

gr:nns may be displayed graphically without the

inmge backgrourtd (Figure 5-2'HIL in this stretch

Ihe few end pixels (low l)N's = veO" d;irk tones

-gei_in-Clr_c.ill.vcorrect ,'eclangl-c_l[oVvi.,_f_t_Y-fit..... _l-_iilt_T_high--l-)N'._-_'ry--lig._

this new ;.II'I':.I.V, with its extra lilies, onto ;lSqtl;.Irk' tit)lids, SllOW, Sillld') have t'leell [rillllllet| {removed)

_ screen, scene sul_amlaliLIg _pxoc'_._hm." mu.st_.b¢ .... t'rom the distribution after whi¢h the rcmainmg

adopted. One procedure is to display a 51" X 51"

sill,set o1" tile 722. X 5 I .2"image by omitting part of

the tel'* ;llld.or bottom el" the linage. Another is to

hold the number of *ISS scan lines in the original

subscl Io .go; ";'_1..X- 5 [ 2 = 3ev2: tile neeessal_: nvw

lines x_ hen added make t,p :t total of 512. A third

i,rocedure is to reduce {he tolal of 722 It> ;q+proxi-

m;llcl. _, 512 by tirol+ping every nth lille t'ron; the

array tl\+t" e\ample, it" n = 3, then dropping 72_':

3 : _'41 leases 4.';I Ihws).

I'he next step is to inlprovc linage quality ;IS

,In ;.lid It'* rt',..'ognilb;ql t'*l" f;.ivt, rablt.' anti it.h.,ntifi:lblc

tl';mmlg samph." sites by activ;Iting St'*me etfllancc-

must pro¢cthlrcs. I'_estl'iphtg is ¢onlmonly t'e-

quircd, tbllowcd by some type of COlllr;lstStl'Ctt.'h.

I'o Stretch each b:tnd the ct+nll'*uter c',lb..'ul;lles tile

dislril+nlit',n Of DN'S or I+l'ightneSs h.'w.'ls. Ill;It is.

Ih_,." IoI;ll IIIlllli'*Cl" el plXt.'].',, el" c.lch I)N x,lhlc Ill

Ihc subsccne, and theu displays this as a histo-

gr:m_. I'his ha_, been done t\,," band ", in I:igure

.g-2"lL with Ille milial distribution Ilistogr:.lnl ;lp-

i,e:_rmg in yellow inthe upper Ict't. The hori:onlal

l, asclinc l\'*r lhat histogrmn spreads ;!eros,,; the full

screen" lllJn ,ll[oxv.,,; full use of the 512 tnonJlt'*l

pi',,els 1o h,,kl the 25o I)N _:ducs. I'his histognun

oCCIII'J,'S the tit+leer hail'of the screen, or 2._0 I';IMer

lint's, within which ',nc plollcd 1he frequencies of

c._ch DN x:,lue _numl, cr of pixcls of each I)N value

,lixided by the IOt;ll ntnnbcr of pixcls in the

subset/. I'h¢ initi.d histogratn contains very few

pi\cls with values c\ceeding about I)N = 10(1, Ihat

is. there :irk t'e_v I'*tight ob.iects in tl.c scene ttwith

tit,., e\cel,tb,'m el tile ¢lt'*uds). st', lh;It tile corre-

-.pOlldlll_ itll:.lge tends to be dark and o( .;ubdttcd

contrast. I+v simple "'trial ,,ml _'rror." ttexv upper

and low I)N t.llues arc picked, the stretch is carried

Oll[. ,lnd the llCXX il_l,l_C ,_l,pr:iiscd for a i',h.';Ism_

And inlornl,llixo ,Ipl"¢;ll'+lll¢¢. I'hc Icy, or .',clloxv

DN's have been expanded to the full 255 stage.

I'his stretch is l',loUcd as the red histogr:m+ in the

It+wcr half of Figure 5-2t_." (the spacing of the

lim.'s is now one eves., uinc units ill the 512 scale:

lhis corresponds It) an increment of d,gh[ DE

units between successive litwsl. Hie stretched

im:lgc is displayed in the I',:lckgroun,.I.

_.._-til." Sidle clio wtl.l" itt which to fi_i'thcr

ittt'rt'dst" tilt' t'otttrtlst rt'sldting from this I, lst

stretch.

=5-o2." IS'It,It is tilt" t'.ffi'ct ,,.t" trot trjtP,.Ptittg

dn.t" lqx'cls .t'n,, the h)w /)\' t'ttd whih' removing

cvt'tt mort' <_f tht" Ii_]l 1).\" ,listril, utiotr'

=.';-_.;: ..I strt'tchcd rersion of the I,a,d 5

ima._c ._h_w, .tb'st m l.igt_rc 5-_"B i._ r_7_ro,i,,,'./

i_t I"ik'tlrt' 5-201). Dt'scriht' tilt" the)St ,d, vh)us visu.d

t'Jl,lll.t,,t'._ ill tilt" strctchcd illl_lP, t'.

l'hc i'V display of one combinatit_n of en-

Ilartccd bands 4,_ 5, and 7. it ! the llt)rtllal lal._, color

rendition of the July 1t177 sul'*__'cn¢ :.lPl',ears ill

Figure 5-30 ;IS photogr;iphed from tilt" screen. You

II:lve ;llre:ldy seen _1 similar COIllbillaliOll (Figure

5-24_. h;_ving illt'_rt_' subdued co]or Ilu+'s ;intl high

b;uldpass filler effects, t\_r the Ck'tob,.'r 1')'2 sub-

scell¢: the hard copy print in thai example was

produced by :Ill Optronics fihn re,:order.

[t iS SOIII¢IiP.leS helpful to e\ectlle ,I crude

but quick separzllion of [o11;11 palterl|s ill a single

b.tnd Iw me,ms of densit.v slicing. In this proce-

dure. COII,ilItlOUS inlt'r_';l[S Of fIN'S are grotl|'Wd

illlO dis,:retc sillg[e grd._ levels ;Ill*,| ;.I color is assign-

ed It'* e;Ich ¢Ollll'_osite level. I'his k';Itis {t'* dislin¢l

color |'*;ll[crlls lhill t('_h] [0 thl'l'ert'lllJ;llt" broJd

cl;IssCS of surf:lee f¢;Itt|rcs. I'hc ,,trelehed I_.lnd 5

_"t / -1
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Figure 5-29A-D. Monitor display of IDIMS processing steps (continued, see text) of Landsat Harrisburg $ubscene.
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Figure 5-30. Computer-enhanced Harrisburg subscene, July 1977.
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image was dezlsity sliced into five le_,cls, colored

in two shades of blue, two of greenland_one red

(Figure 5-3 IAL

#5-64. Several trtdy dif.t'erent classes may I_e

depicted #t the ,same ¢'oh_r because their refit't-

&races are similar #t a given hand. By conqmrhtg

l.'_ettres 5-.?0 and 5-31..1. try to htentifv classes that

...... ;night-I,_' cimfitsedl "[7-_e hlue aa._oc[_JtecT-_q:ith river

water is also assigtled to what di]ferent featttre?

- Rcd is most commolll.v associahrd will, what lea ......

tttre hi the density-sliced imagt'? With what else

might it I_(' conlhsed? The IL_,ht greens correlate in

; fhart with cttltttral featttrt's (mahtly httihlittgs and

strt't't._t httt have also been assigned to uqlal?

In general, density slicing has limited value in pat-

tern rccognitiotl, and tin accunlte classification

must rely on tmfltivariate statistical analysis.

We are now ready to perlonu a cla._sification

of the I larrisburg 1972 st|bscene by using the maxi-

mum likelihood classifier (p. 447}. The first step is

to select traiuing sites. By analysis of statistics.

i'ogethcr wilh iospct'/ioll of 1he mo_fitor display.

aerial photos, maps, and field experience or famili-

arity with the area. some mmlber of classes is

decided upon ;Hid each assigned a class name. It is

o['tt'll convenient to crllarge a part of each subscetle

even further to accurately circumscribe boundaries

about specific training .,_mq',le sites tbr the :;everal

classes. Visu;_lly. we try to enclose representative

areas wit hin each training site by seeking out $q'oup-

ings of more or less homogeneous (similar pixel

-colors'l areas. :.iicsc areas are blocked out by a

moving cursor ,.:lectronically generated on the

screen: in other systems a light pen may be used)

that produces line segments bounding pixels to be

included in statistical tests for separability (Figures

5-31B and ('}. For the entire itarrisburg subscenc,

the locations of trai,fing areas for water, forest, alld

urban classes have been outlined in Figure 5-311).

=5-o5: l'hc I,ottndcd area markcd by tilt"

arrt)w itt I"i,..,ttrc ._-.91(" is tall t'.\'dttzl_lt' o.l'a poorly

cho_t'tt tr, littitt.,.; si!c. ll'hy?

..\fter data l'ro_n the training site pixels ;Ire

stored aml statistical tests pertbrmed, a "'first cut"

classificatitm is carried out. Once determinetl, each

class may bc dislqaycd on the screen in its proper

spatia! distributioJl by using an assigned color. In

Figurc_5-32A, a class named urban: industrial//

commercial has been depicted in yellow. Two

classes, vegetated cropland/pastureland (in brown).

and barren/open land (lmrple) are shown in Figure

5-32B. In this example, it may be seen that a large

part of the total scene area-perhaps too illuch

when compared with aefia! photos and other

ground truth-is taken up by these two classes.

Mensuration of the percentage area occupied by

-each class--is, merely--a-pi×el-counting-?roce-d-ure ....

within the computer program.

Whcp a scene is fully classified at the levels

chosen, all classes are displayed together in a multi-

colored thematic map (Eigure 5-32C). Eight classes

were arbitrarily specified for the 1072 llarrisburg

subscene. Colors assigned to and areas calculated

for each class are as follows:

Color Areii C;_

Urban: industrial/commercial Yellow 5.8

Urban: residential/mixed Red 8. I

Vegetated cropkmd/pasttlre-

land Brown 36.5

Barren/open land Purple 14.2

I)eciduous forestland (sunny) Medium

Green 16.1

I)eciduous torestland (shaded

slopesl Olive 15.0

Water t,streams and lakes) Blue 2.8

Unclassified (final iteration') Black I.O

This classification main has been enlarged to a full-

sized illustration iu Figure 5-33, which also con-

tains a color-coded legend.

"5-66: Some of these classes may he some-

what artificial or not "_mre" (that is. tilt')" are

mixed, contaitthlg sereral Ittln'hated groltnd lea-

lures). Some J'eatttres appear to be misclassified.

cspt'chally where the chzss ass(qm'd at some speciJh"

pldct, st't'ms at o_hls with what .l'ott m#lht hare

chosen hy photointcrlm'tathm of I.'igttres 5-23 attd

5-24. Still other features erhh'nt ill those figures

wcre not cl, t_sified in l:_¢ttre 5-33. Look ch)scl.v

at all three J_ttrt's. Evahtatc (critique) this oml-

Inth'r cl, t_s_l_cation and su.e.et'st at least three other

chasscs you tni,_ht haft" t'stahlished.
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Figure 5-31A-D.

D

Monitor display of I DIMS processing steps (continued, see text), Harrisburg subscene.
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Figure 5-32A-D. Monitor display of additional IDIMS processing steps.
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AREA [%1

URBAN: INDUSTRIAL/COMMERCIAL 5.8

URBAN: RESIDENTIAL/MIXED 8.1

VEGETATED CROPLAND/PASTURELAND 36.5

BARREN/OPEN LAND 14.2

DECIDUOUS FORESTLAND (_JNNY) 16.1

DECIDUOUS FORESTLAND (SHADED SLOPES) 15.0

WATER (STREAMS AND LAKES) 2.8

UNCLASSIFIED (FINAL ITERATION) 1.9

Figure 5-33. Final IDIMS-generated classification of 1972 Harrisburg subscene.
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An assessment ol accuracy should be made

after each _al classification. One way to do this

is to subject tile data to qle Chi-squarc test. This

test is described inifiost textbooks on elementary

statistics. The extent of misclassification tht, s cal-

culated may be d'isglaved on the screen, :is illu>

trat,'d in l:imtre 3:_2"D.--_'_ Pixels whose ck|ssification

is uncertain (statistic.ally) art" rendered dark: those _

of hi-,'h reliabdity are presented m Ibzht tones.

The urban." industrial/commercial class shown (Figure 7-13B).

in yellow ill |'L,-."jre )-_,_A illustrates one t_,pie of ................
|uisclassification. (hat of errors of commission. Cer-

tain major roads, the concrete-lined banks of the

Susquehanna. and the meandering tributary Cono-

doguinet Creek. are all "'alarmed," i.e., respond

positively, as part of the yellow pattern when the

color display appears. Reasons for tiffs misclassifi-

cation are not clear. The Conodoguinet Creek
;a: .

should properly t'!dr into the class water, but ¢1_c

contaminating pres,.:nce 4f bt;.;!dngs (mostly water-

front homes) and tile subpixel width of the stream

may have caused the confusion. Ilad the creek

been considered as a distinct class, and therefore

sarnpled durirtg tlie training step. it might have

been correctly ck_s.{;ified.

Poor classifi,5!ltion may usually bc reduced by

adjustments sucl('_as modifying statisticq param-

eters, eliminating _ill-dcfined classes, estal_lishing

new classt.s, and/or sele,'ting new or additional

trainin,.z sites. Se?eeal iterations may be required

to achieve a speCi|tcd level el accuracy. For tile

Ilarrts0ur,.z classdtcatlon, the 1111tl;.11level couslsted

of )ess than 5 percent tmidentificd classes and 05

percent confidence of proper identification of
the nanled classes.t t

=5-_ 7," The" Interstate SI roadway passinq

ncar Bhtc .lh)unta[n was onh" parttalh' completed

ill lq"'/_ O/le st'g//R'/lt, oJ the west side shows up

as a black (linear] pattcrn in Figure 5-.¢2D. Wh.v is

this teat::rt' likt')_' to ha|'c been mLschzssiJh'd."

I lt%)pcr in tile ,.cnse that tile classes selected have bectl corlec'ly

mapped. IIo_,'cver, as will be ._een in Act;.vity 6, the._ clas.ses are

onl?. as good as the trzuning sites ,on which they are bas.ed-them-

selses often selected _Olll maps containing inaccuracies. It" the._

,lte* have btx'n inadczillaatcly defined, and do not properly teprt_

g'nt the real world, the vahdity and accuracy of the ,-lassifi¢ation

,a fll be dlrlllnlshed.

For the case we are considering, a final 2 percent

error was accepZed, after which no subsequent

classifications of the 1972 subsce,e were conduc-

ted. This ei'i:_r is not, however, a dir2ct measure ot ..........

the classification accuracy that would result from

a field check or comparison with maps and other

imlepcndent sources of grcund truth {see p. 25(_).

,t classification of the July 1977 Landsat pass over

the same area is presented later in Activity 7

#5-68." Compare the 1072 a:td 1977chssiJb

catkin maps. List five diJferences or chan_,es evi-

dent in rite 19 77 <_"one. Give three factors _espon-

seble #1 part for these dissimilarities.

By participating in an tmsu-'ervised and a ,,leer-

vised classification, you should now l'ave devel-

oped some understanding el what happens in a

computer-assisted classification o!" Landsat data.

_5-69." Summarize in a key-word outlii:e

the principal steps J'olh_wed in perle,ruing a super-

vised c&_sification.

Microprocessor Systems: APPLE) 2 There is another

end to this range of inage processing systems. We

have discussed the expensive and highly interactive

approach exemplified by the IDIMS system. We

have also looked at the !_:_ expensive but more

awkward batch-uriented approach illustrated by

the ORSER system. The other end of the spec-

trum, the ine\pewJve yet highly interactive ap-

proach, has always been an intriguing concept.

Today the revolution in microprocessor-based

personal computers is indeed makhlg low-cost

digital image processing sysre,ns a reality. Instead

of high priced minicomputers and their elaborate

peripheral equipment, or a large computer software

system operating on still larger "mainframes," we

have been introduced to the striking potential of

the other end of the scale.

There are any number of personal microcom-

puters commercially available on 'he market today.

You may have seen adve_isements for such micro-

computers as the Tandy Radio Shack TRS-80. the

12APPL E is the rt_lstered trademark for a _'r_¢s ot m_crocomputt._

woduced by APPLE Computer. Inc.
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Commodore PET, and the APPLE These and

other microcomputers should not be seen as toys

but as indispensable instruments for our serious
scientific and educational endeavors. A number of

commercial organizations have taken steps in this
direction, and there are digital image processing

systems already on the market.

One example of a microcomputer system is
the APPLEPIPS (an acronym for APPLE-II Personal

Image Processing System), which is scheduled to be

marketed early in 1981. Like the IDIMS system,
APPLEPIPS is a complete, self-contained image

processing system capable of extracting informa-

tion from imagery of all types, including multispec-
tral data from Landsat.

APPLEPIPS is built around a standard

APPLE-1I microcomputer with 48 kilobytes of

core memory, and APPLE's DISK-1I, a microflop-

py (5.25 in) disk drive. A stardard color television

set serves as the system's monitor, completing the
system's minimum configuration at a cost of about
$2000.

The APPLEPIPS system makes three levels of
detail available to the analyst. The full 230 km 2

scene (LORES) fills two microfloppy ok, Kettes and

can be displayed quickly. The monitor displays
192 lines each containing 280 pixels, equivalent to

a ground scene of roughly 230 square kilometers

(90 sq. miles) or 60,000 acres. Each quadrant of
that scene-approximately 59 km 2 (23 sq. miles)

(MIDRES)-may be selected for more detailed
analysis and display. The most detailed view

(HIRES) is a 40 by 40 pixel display (5 km 2 or 2

sq. miles), where the emphasis is on spectral
'rather tl{an spatial resolution.

The APPLEPIPS system has been designed to
move and display image data as quickly as possible.
For example, the MIDRES scene (96 by 140 pixels)

can be loaded in four seconds, and a density slice

takes only six se_ ,_ds to appear on the TV screen.
Thus, unlike other computer environments, the

system does not put off the investigation. An in-

vestigator's time is most fruitfully spent in formu-

latL-_g the questions, not in waiting for the answer.
Two examples of stages in the analysis process

with a microcomputer system are shown in Figure
5-34. A six-interval density slice has been per-

formed on band 6 distal data for 2904-14552

(July 14, 1977) to produce a LORES display (i92

by 280 pixels) (Figure 5-34A). This view assists tile

investigator in choosing a MIDRES quadrant (Fig-
ure 5-34B) in which to search for adequate training

sites. At this stage a roaming frame is employed to
delineate the HIRES (40by 40 pixels) band 7 data

set for this scene (Figure 5-34C). Most of the sta-
tistical analysis proceeds at this detailed level.

The colors assigned to the density levels (ex-

oressed as intensities) for each display level are:

Color

LORES

Black

Brown

Lavender

Green

Blue

Gray-Blue

MIDRES

Black

Blue

Pink

White

Orange

Green

Intensity : Color

0-22 HIRES
23-42

43-48 Dark blue

49-52 Li.".JIt blue

53-56 Medium green

57+ Dark green

Brown

Beige
0-19 Olive

20-34 Gray
35-44 Slate blue

a5-5. Light blue-gray
55-69

70+

Intensity

0-7

8-10

11-13

14-16

17-19

20-22

23-2.5

26-28

2o-31

324-

#5-70: Locate the LORES scene within the

larger data set (more pLvels) that was densiO'-sliced
into th, e intervals on IDIMS (Figure 5-31A). Match

and compare any pattern sbnilarities in equivalent
areas at the two scales (but remember that the data

sets were acquired on two different dates). De-

scribe what you have :,oted. Also examine the
N31AP's in Figures 5-20A&B. These are at a

scale more similar to the ttlRES rendition in Fig-

ttre 5-34C. TO" to colocate eqttiralent areas withhz
the ItlRES data set and the NMAP pixel distribu-

tion generated on the ORSER system (Figure 5-20B)
]'or that date. Review also the 1DIMS-produced

classification map for the ltarrisburg area (Figure

5-33) as well as the USGS Land Use Map (Figure

5-18) tor that area and the high altitude aerial
photo (Figure 5-23) and low altitude aerial photo
(Figure 7-14). ltow well did you succeed in Iocathlg

the IHRES image withbl the NMAP print? Call you
make any sense of the densiO'-sliced patterns in

this image in terms of possible classes or features
represented by the patterns?

At the HIRES stage of analysis, the researcher
might create new pseudo-channels: the results of

mapping the norm, creating a uniformity map,

ratioing bands, or convoluting the image. The

analyst then chooses two from among the original
or pseudo-bands for color mapping. The first chan-

nel is mapped on the primary graphics image dis-
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Figure 5-34. Color-coded density shced icnages produced by APPLE-

PIPS pro!lrall, Harrisburg subscenes: A. LORES; B. MIDRES; C.
HIRES•
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i'ul'+'r" _.r," c'sP,.'cLliiy ,.:,+ited It+ Ii;Ihlin._ :l ht,.+,.ilm,'r

ill lhL.' basics of ¢Olll|+lll¢l" s¢l¢ll_.'¢ ;llid flow .ll't' I+|'0 -

vb, line. sonIC Cxl+¢ri,,'tl,.'¢ ill Ih¢ t'unil.ltlwttl:lls c,f re-

mole S¢IIXIII.p.11"L'I;IIPd illl.lx'.¢ IWO¢t'SSIII_. AI I+I¢S_'111.

Of _.'Ol|l+t', ntt','l't'qll'O#¢ s._OI'_' _.'i.llltlol ¢Olltl+¢I¢ ill dill;l

vohuu¢ caP:Icily or +it :¢rs.Hility with I:lrgcl + s)'s-

Icllls. [lO%+¢i.'VPt'. csl"¢'.'Llll)' ill IOd+l)"s r¢:ll world c,f

IiillllCd I'udgcls. ¢,,lsls .llld ,.'aPal',ililies ntusl Ilolh

b,.' xveigllcd. ,Micril,.'oml_ulcrs art' x+,¢|l xvilitiil lilt"

bud_,.¢ts of ii_ili+,idual uiuvcrslly d¢l,arlilwnls; "tni-

¢los'" .ire aii¢:idy b¢ill_ tlS¢d ill io¢;ll lli._,.h sdlools

;Is :lit illll'OdllClOl+Y h:llld+-Oll ll';lillil1_ tOt+It .'_l,llt'

.ul,l io,';d ?,m,rlmltml,: ,.:m h',+l Ill," x,,lidily +ll+d

X'zlillt'of _III OII_OHI_ l'L'lllOlt" _t'll_lll_ l+l'O._l':llllwilil-

Olll cxlr:lortlill;It')'+'tll+-l'l+Olll""¢\p,+'iI%¢_.

All {ll¢\l+¢llSiY¢ llli¢l-O_-Ollll_lllCrilll;l_t"I_IO-

¢+ssiil_ s)slcul. ,_¢lliilgfor thousalkls r:llhcr lh,m

l¢llS or htlll,ll't'dsol+ Iholl._llld._of tlollal+.¢;IIIol;cn

Ul+ i_i-_i¢Ii++'_iIhiltldS-Ollrt'lllOlt'S¢ll._.ill_ ¢\p¢I'i¢II¢¢ h+

ilCW siudcnls, to ilt'w dis¢iplin¢._, _llld Io i1¢_.1 dir¢¢-

IiOllS. I'h¢ afl'oi'dalq¢ lill;i!'.¢ pi'o¢¢s.'_illg S)SI¢Iil

¢ouhl _vt'll be lilt" whicl¢ Io break Ihrough Iht'

h','hilolo!ty Ii';in,sf¢l+ II_irl'icr.

Another Approllch to Chlssifielition

I'h¢ ill¢lhods dcs¢,lbcd ill lilt" prc¢¢dill_ S¢¢-

liOll._ II,iV¢ cxoh'¢d iillo Ih¢ ¢oil'¢¢illiOil,ll _,'_i)'s ill

whk'h ,_;il¢llih" I+¢11101¢ SCtl,',ill!', dal,i ,11"¢ IIOlill,llly

¢l.issllh'd. IIo,,v¢x'¢r. SOlll¢ ,lll,llyli¢:ll ,llh'ril,ilivcs

h,lx¢ bCt'll dcvis¢d to ¢ll_'illllV¢lll lilt" IIS¢ O1' ¢llht'r

Ir,llllill!', Slh'S or I_l'¢lililiil,ll ,% {¢;illdid;ih'} I¢,lllir¢

d¢lill¢alioll ;i,_ I_.lil o1+ lilt" class idctllilicalioil ,llld

¢llallg¢ dch'c'liOll I_rtw¢diilcs. I;or ¢\;iilllq¢, Ih¢

I ..\NI) ..\N..\I Y,'41S i_ro¢¢dlir¢ d¢_¢lol,t'd ill (',lll,ill,i

IrOili lht" L',illlcr I'RI'S ..\NAI'ISIS I_ro¢¢dlil¢

Ibolh b) .I.N. %chul_¢rl) i_iovidcs !t¢oint'lri¢, r_idio-

IllL'lll_'. ,iild Slgil:il i'¢¢1i1"i¢,111Oll b¢1'o1¢ ,ill)¢laSSlfi-

¢illiOll iS dOIl¢. I'11¢il, b\ ,k'llll!', OI1 r¢¢lilicd. IlOl-

lll,ili,¢d dalJ Liil_'hkliil!; ,ililiOSlqi¢l'k" ,ibsorl _li°il

<OIIC¢IIOI/_,), I.\Nl+ \N.\l '_%1,_ 3"o¢s Ihlotl!-h .i

dlchlqOlllOtlS k¢v hi ,S¢l_.lr,ih' I,Ind ,illd ,,v.il¢l, lh¢ll

bale ,illl] _.l'lt¢l;Ih'd _,lilf,k'C. i'll'., _'OI1;llltllll!t Ihloli!th

Ih¢ kov 1o cl,lssll) x¢,lt¢lJlioli lYl_t's, soil I'¢;ilul¢S.

sUll',k'¢ x_.,ih'r qu,ilil). ¢1¢. III _'Oilillll_'ll,+ll xxilh _1

_'1o1+ ¢,ih'ild,ir, _'lt'tl+ i_]c'lllllk +,lllOll ¢,lil ,ll_,o lit' dOll¢.

I'hc- ,il,l+lO,k'h llildcll) ill l_ Ihi:_lilc'lht+d is Sll'llllIJl+lZCd

Ill I',ibh" 5-5.

%li_'h .i n),,l¢ill is b,lscd oil Ih¢ I,iI+oralory ,llld

field s1_¢¢11:i of ill,ill) cl,iss¢,_ of siirf, ic¢ obit'_'ls ,iild

I¢,lllii¢,_, ch¢_'k¢d ,igaiilsl .ic'lll,il I .iilds,il obs¢rxa -

I lllllS ,ii,d fichl Slll%¢) s Ill x,II lOllS I+,illS Of lilt" x_orhl.

I'his ,ll+l+ro,i_'h has r¢¢¢llllX I+¢t'll sllimll Io be f, isl-

..'I, ,iihl lhtis ¢h¢,il+¢r, Ill,ill illOlt' sl,itlll,lrd I_1O¢¢ -

dlll¢s.

I+¢ihal_S lilt" IlIonl Iiilld,ilil¢lll;il diffcrt'n¢¢ is

I h,il _'on¢¢rilill!,' lilt" IlS¢ O1" s1,11 iM i¢S. _l.llhl,ird lil¢l h-

od', <'al_'ul,ll¢ sl;illSll_'S bX xvhi_'h Io s¢l',ir,ih" Ih¢d,ila

<'l,l_,St'S, I'h¢ d,il,I el,Inn bolilld_, .11¢ ,idiuMcd bv lh¢

.ilIJI) sl Io fit Ills obs¢l_..ilioiln ,IbOlil lilt" iluillbcr ol

ci;isn¢s ,ind their dislribulioil. I'h¢ d,il.i ¢l,i,,scs ,il¢

lhus iclah'd Io lilt" a¢lual Sulfa¢¢ f¢:llul_.'.s lllrtm._h

Ih¢ ,ulal)'sl's ¢\p¢iicnc¢. llul. Ih¢ _'la,sscs ;ill" oi'ii',in-

,lily d¢llVCd solch llmlu!th st,ilisii¢,ll rllh's, l'h¢ oilly

_'Ollsll'iiilllS Oll lh¢ ¢l,issili¢,ilion ;11¢ lilt" list" ill" Iraill-

ill_', slh'.,i ,lild lil¢ _ill;ll)'_,l's ¢llll_iri¢-'ll :lS,S¢_Xlli¢lll ill"

"_',OOdil¢sS of fil ."

III lilt" lAND ..\N.\I.YSI,_ i+ro¢¢dllrt ' classes

Jit" IIOl dcriv¢d bill ,ll\" d¢l'iilcd ,i prfi_ri frolll radio-

ii1¢1ri¢ illt';ISlll'¢lll¢lllS, Class I+llllild,ll'iCs _irt" t_t'h'l'-

lilillcd bv lqlysi¢-'il ollscrxalions ill" Ih¢ +'l',isst's

Ih¢lllSck'¢s _is lilt') ,llll_¢,ir to S¢iISOI'S in lilt' fichl

,lild ill lilt" lallor;ih_r). \Yhil¢ nlali,qics al'_' ¢:il¢lilah'd

Ior soill¢ ill' lilt" i'¢¢lil'ica_ion I_:ll';llll¢lt'l+, ,1 dir¢¢l

¢oiill+arisoll of I)N railltt's i_l' obs¢iv,il iolls alld Ihos¢

d¢liilcd ill Ihc di<ltololllou,, k¢)n t¢l,lx.',¢,sl I¢,ld,', Io

fcallir¢ kh'lllifi¢;iliOli oil _i pix¢l by Iq\¢l Illlsis. I'h¢

i_lO¢¢dlll¢ is Ihcr¢lor¢ Illil_']l I,lMcr Oll lilt" ¢Olllplih'l"

,iix,I ill,i)" b¢ iilor¢ ,i¢¢11i;11¢ lhall Ih¢ sl,llld,ll'd w:i).

Ih¢ ,il_l_ll¢lll r¢',lSOll Io1" Ihis iil¢r¢:is¢d ,k'¢lll':lc')" is

lll,il IllU¢h of lilt' ,s_'t'llL' V,lll,lll¢¢s ,11"_"I¢111o%¢d [1)

1¢clilicalioil prior Io chl._s{l'i_'al{oil; Ih¢ f_'alur_" or

_l,lsS V;lli,lll¢¢s ;ll'¢ ,l¢_.'Olllllltld;llL'd [1) appllll'rial_"

l-.lilg¢ s¢llillg.s for each of Ih¢ classes in each Ill' lilt'

M,_ b,illdS. Also, ruilililll: Ihroligh Ih¢ ilichohlnioilS

k¢) i_i¢x¢ills _'l_iss x_ii'iaii¢¢s l'ronl ¢oill'oliildillg class

kh'lllilics. I:or ¢\ailllq¢, it'iilovill_ ,ill w_ih'l" I,i\¢ls
I'rOlll ¢las.sili¢;lliOil o1+ I,lild I¢Jlillt'S I¢111ov¢.% Ill"

i,,iililions Ih¢ Wilier i,i\¢1 v,lriall¢¢ froiil Ih¢ hli,il

•,_.'¢11¢ x,irl;lll_'¢; ¢liilliil;iliil!t b,il¢ Slil'l'_l_'L" fiOlll 7011-

skh'i';ilioil Of V¢!t¢l;il{oll I'¢iillilCS Ilirlht'l" "plil'il/t'_,"

x J11;i11¢¢, ¢1¢. I n sland,ird I_lO¢¢diircs ¢lasx xariail¢¢

is iiol i_ailllioilcd I'rl_lll Ih¢ Iol.il ill' I_ool¢d _._'¢11¢

x.iii,iil¢¢. I'h¢ r_ili'.'.¢ o1 I)N's Ior ¢otlfidcn¢¢ linlilsl

i¢qlili¢d I\lr l'¢alliit" S¢l_ai_ilioil is Ihlix I,li)t¢l.

I'h¢ i_ro¢¢lhilt • ¢_p¢ci,llly d¢signcd for ',¢_t¢1_i-

215



ORiG1NAL P_,_E !._J

OF POOR QUALITY

Table 5-5

LANDSAT-CCT

DATA TESTED ANALYSIS

DECISION FLOW

PRINT MAP

DECISION FLOW SYMBOL DEFII;ITION

MSS7

MSSS Et RATIO

(MSS7/MSS5)

MSS7

MSS5

MSS7

RATIO

{MSS7 _" MSSS)

WATER

DISCRIMINATION

BACKGROUND

DISCRIMINATION

BACKGROUND

ANALYSIS

IBP LEVEL 1

ANALYSIS

(VEGETATION

STRUCTURE)

IBP LEVEL 2

ANALYSIS

IVEGETATION

STRUCTURE)

IBP LEVEL 4

(ENVIRONMENT)

WATER?

VEGETATION

PRESENT/

YES

YES

BLANK
NO

NO BACKGROUND /

,, m LOOK-UP--_YES

TABLE/
E-

IBP3

IBP1 NO IBP2 NO VEGETATIGN

VEGE:ATION---.---.i,,-VEGETATION-.---_- SPARSE? _ !
CLOSED? OPEN? LOOK-UP ,

TABLE 3

YES YES

CLOSED OPEN W

VEGETATION VEGETATION

LOOK-UP LOOK-UP ._. _-

TABLE 1 TABLE 2 =

(SPEC!AL D

LOOK-UP p IS)

TABLE) B
G

IM)

2 DATE VEGETATION

COMPUTER IBP LEVEL 3 PRESENT?

OVERLAY _PERSISTENCE) (GROWING

RATIO SEASON)

NO

• BLANK

WATER

_ACKGROUND

(SEE 8ELOW)

WATER BORDER

BRIGHT SAN5

SPARSE SCRUB

SPARSE GRASSES

OPEN FOREST

STEPPE

GRASS LAND IOPEN)

TREES DOMINANT

SWAMP

SHRUBS DOM!NANT

GRASS DOMINANT

MARSH

BACKGROUND

(SEE BELOW)

VEGETATION CLASSES

(GENERAL)

DN VALUE RANGEr
CLASS SYMBOL

MSS 7 MSS5

I SHORT GRASS_M_.RSH M 1-10 <15

2 SPARSE SCRUB; 11-21 15-34

SPARSE GRASSES 11-21 34-S0

3. STEPPE 22-36 15-34

4. SEASONAL GRASSES G 22-26 <15

5. DECIDUOUS FOREST O 27-36 <15

6. EVERGREEN FOREST E 11-14 <15

'AL_. 'vALUES RADIOMETRICALLV _ORMALIZED TO A STANDARD SCENE

BACKGROUND CLASSES

[NO VEGETATION]

CLASS

I. WATER

2. WATER BORDER

IUNVEGET_TED)

3_ WATER BORDER

(VEGETATED OR ORGANIC)

4. EXPOSED SOIL, SOME
ROCK

S. DRY SOIL, SAND,

CONCRETE

SYMBOL
CN VALUE

RANGEr

MSS7 MSS 5

0-6

6-11 14

6_ < 15

11-27 >55

27 >55

RATIO RANGE"

OR <5

OR <5

"ADAPTED ;ROM SCHUBERT J S AND % t4 MACLEOD VEGETAI:ON ANALYSIS WITH
ERTS DIGITAL DATA A _EW APP_IOAC_ UNPUBLISHED
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tion analysis attempts to classify Land,_ll spectral

data succcssivcl.v into lhc hierarchical levels of the

Intern',lliou:d Biological I'rogranupe c,lliP} systcln

of classes. Decision tests which closely parallel the

IBP decision categories have been est:dqished. The

digital values used in the decision processes are

I'l'Olll grtlulld spectral tlleaSllR'llletl|S tkw veget;itioll

classified by tile IBp system, or wheu field data

were not availadqe, t'mm :1 samph., of MSS radio-

|nctrically normalized digital vah,es for cl:lssified

test sites. This supem'ised cl:lm,;ificatkm does not

reqaire current ground-truth data to perl\]rm vege-

talion analysis wilhin the regions I't)r which IBP

categories {lave i:eetl defilletl, For those regions altd

for regions wilh similar vegelalion, resulls obtained

froIll tile LANI) ANALYSIS system clalssification

of dil't\.reBt d:ltOS COlill'KIIX' with grotllld Silrgoy

results very successfully. IIowever. classit'icalio|l

ror rcgiollS ill which II]l "Dcalegorit.'s h:lvt' iloI bet'll

,Icler|nincd are only successlill at the higher

hicr.'lrchical levels.

I'he IBP hierarchical levels are : t ll density of

xegetation, (2} lil'cfornl or structure of vegetation,

L31 seasonal t,crsistence, (4'1 t'unctioual or envirt.1-

ment:,l relationship, alld t,5"1 species :lssocialions.

I'he I'irsl tv,'o hierarchical levels ill the syslcm.

dcusity ;ItB.I lifcfolnl, ;ire i'elated to the optical

character of lh¢ plant colnnlullilies observed. The

thild [,0'_cl c',l" illt'Ol'lll;l|i,MI, Se;ISOtlil[ l'%'t%is[',,'llce, is

me;,st,_¢d by c!tilllges ill oplic;ll p:mmleleL's with

|iltte, iusl those i'Ktl':tllielers obsera,'cd ill repetitive

COVCl':lgc bv Ihc FRI'S MSS s.vstcm. I'he combina-

tion of NISS data and IBP classific:ltion is. there-

fore. an OplilllBlll one.

The radiances of mine tk'atu_'s interact in a

lllallllCr WlliCh illakes |[to soti,,_'lr "see" ;Ill illl[RIR'

sign;,l. This was tlisctl.%'ti earlier in regard It)

boundaries but IIOl ill relation to COtllpound

features. A leafob.,u.'rved against a black background

will appear to have :i lower r_.tlectanee than Whell

observed against a white background. About nine

average leaves piled one on tile other are needed to

overcome the background difference. This munber

of leaves is equivalent to a Leaf Area Index ILAI}

of '). in nature one rarely finds ;m LAI greater th;m

O. Thus. tile backgrotlnd against which vegetation

is observed from space ;fffects the nkliometric

measurement of the vegetation, lit is interestinm

tO nole th:ll Olle can predict Ill;It ;.llga¢ [phylo-

plankton l ,Ire not observable in waters whose

botlOlll iS dark. ;IS hi bogs, swatllps, ;..ld deep

ocean water, chief,; the cell population is very high,

equivalent Ill an LAI of about 2. Obsem, ation bears

out this predietion.I

The background inlluence is mentioned here

as a I'lctor which is explicilly taken into considera-

tion ill Ihe LANI} ANALYSIS design. Ilowever.

the nonunit\_rnlities of soils at test sites land ;ill

other pl:lccsl, in terms of both color :llld degree

of hydration {wet soils are dark in bands o and 71,

arc i,lcludcd ill the IcilltltC V.ll'ialtlCeS tlscd ill IlidXl-

mum likelihotM and olher slleh standard ,ulalyticall

procethIR'S, l'his ill;iv lc:ld to errors of COllllilissioB

and tnnission in t'eatt, re da_,;it_cation.

Additional Examples of Classified Scenes

I'hcrc is as much variety in classit'ic-'ltion tn;ll_S
as !here are varied terrains on tile face of the Farth.

I,Vc shall close this aclivily by briefly Iookillg over

five more dassil'ied Stll)SCellCS. ;Ill cast of Ila,'ris-

burg. Ihat depict some of this terraiH diversilv.

i'hc main cla._:it'icatiot_ theme sought ill each sub-

scene is, in order, t ll defoliation. 1,2'_ coal wastes.

{.;) crop [ypcs, {4"1 coastal lalttls, arid (5] ttrl'lalll

developlnelll.

llefoli-ilion. I'hc firsl of these tnaps was produced

Oil ;I (;etlcrall Fk'clric Image I00 {I-I00"1 iHtcractivc

s.vntCm located ,It|.;oddalrd. l'his colllptller systetll

uses tile I,arallclcpiped classifier routine to estab-

lish themes _classcsL I'he subsccue _512 \ 512

l'lxcls} shox_,n Ill Ilgure )-.;5 covers ;l[_Otlt three

quarters el" the .,i;tnlc .luly S. IO73 Lands;It sub-

SfClle {Figure 4-_1 around llazletc, n, Pa., ¢x;lnlined

in Aclivily 4 ;is part of ;,I pholoi/llcrpn.'tatio/I

mapping cxcrci_" tsce Figure 4-12 and pp. 123 to

12o"1. An unsupervised approach to classification

was followed such that the thenws itt tile legend of

Figure 5-35 were initially dispklyed without

knowledg¢ of identity and Ihen lalbelcd by com-

parison with the tll:lpr_ed categories deduced fronl

Figure 4-12.

=5-71. Locate the arca in I.'igur¢ 5-.¢5 with-

ill the sttl_s('t'ltt" ill I.'igttrl" 4-12 It'hh'h rcrsh.t tilt"

I-I00 cO.llUttt'r ,lisl,la.v or tilt' EROS Data ¢'t'nh'r

[I } whl'.
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_-fi-___- YOtl ]I_IVU ¢llru_h].t" b¢'Ctt ,I,'¢t_¢'d to/'/_/sS

jlldgm£'ltt (p. ]__t_) Oil tilt" rt'hlt_]'t' mt'r#s o./'.l"our

photo Jlltt'r[_rthltioll tlla[_ i't'£slls tht' ¢'¢)ll/[Hltt'r

c_lssi/tcathm. ..[rt' t]lt'rt" _lrcds ill tilt' ¢otlttHltcr I't'r-

siotl that Ill#lilt be grossl.t" II;is_'htss_lTt'd or elite'r-

wise incorrect? ._'l_t't'i f l '.

_5- 7._. The maroon themes arc lal,eh'd

"c,m.tlict'" (syn.. ,'on./itst'd. inis,'hzssificd, ltnhtcn-

t_lh'tl). B.v hlsl,ectmg I"_t'ttrt' 4-12 (see also I.'igurc

4-1fl). and .from gt'llt'rtll ¢'A'l_t'rit'llCC. ¢_lll .t'otl Itamt"

st'l't'ral ],IHN ¢'o1'¢r eat¢'_'orit's tlhlt al_pt'ar to bt"

r_7,reselttt'd 1,)' Solltt" t)]" tilt" pLvcls ill this tht'mt'?

Co:fl W:lstes. A supcrvist'd classification on Ihc

ORSI!I_. system, based on tn;.Ip data anti I'icltl

inspectioll of a smaller subset within this scene, w::s

acquired during :ill indcpc,.Idcnt study of coal

wastes conducted by Petmsylvani:l State University

staff. A portion of the printout tl'tap froln the

slutly is reprodtlccd ill Figure 5-3o.

=5-7.1." L_wate lilt' ,lrca _.t" this ntap ill tile

1- I t)O vvrsh m ( I:igttm" 5-.¢5 ). Tll_'tl r_'c'xalplittv I"igtlrc

4-12 t_ scc iJ there arc p,lttcrns that might Fol'rt'-

s/_ttd to tht" cdtt'gorit's [istt'd /It tilt' It'gt'lld o.["

I:i?_tlrt' 5-.¢0. II'hat ttiscrt'l_,ltl¢it's or tlnct'rt, tilttit's

did i'_)tt discol't'r?

=5- 75: t:'xlff, lin tlt¢ I,lrgt" all-u'hitt" I_ach,_rottnd

.liar tilt' h'evlhl cm'goric_', tt'hat dovs it rcprvsv_lt.

altd wh.t" was this ,Icm_'/

In their report on this pro icct. 111¢ Penn St:tIc

staff poilu to difficulties in separating the cate-
gory re.first' lronl silt. Ill the l'i¢ltl, so.'¢r:d different

t.vpcs of coal material could be recognized" CO:.II

piles waiting Ibr shipment, u,:lstes I'ronl crushing

;llld oilier processing, cxpo.,,ures Oll strip mined stir-

/';ices, ;itltl coal shtdge ill w;Ishillg biisins.

=5- 71_. .-h'count lor thcsc ,l(l.'th'ulties.

=5-7" IIc_w might reclaimed land hi" dis-

till tltlishc'd .tr¢_m otht'r t'_,ll-rc'latcd Sllt]t_lccs/

Crop Types. A supcp,'iscd cl:tssific:_titm of an

agricultural tcrr:fin, characterized by two dominant

field crops, (allow land, lorest cover, water, ;.llld

severill sInall towns, was conducted on II)IMS. I"11o

;Irc:l ¢onsidcrcd, showt_ ill :l t'als¢ color enl;lrgdttldllt

in I:igurc 5-37A, taken from the July 1077 Lattdsat

overpass (2004-14452, Figure 4-11), is located

around the Chcs:lpcakc and Delaware Canal in the

northern I)elm:lrva peninsula (see Figure 4-10B).

(;round tnlth (mainly crop identification of some

twenty fields) was supplied for the July IO77

Landsat scene by the New Castle County agent

for the Soil ('onver.'_ltitm Sen'ice and by staff of

the Agricultural Stabilization and Conservation

Service (ASCS) office in that area (see PI'. 244 to

245L The resulting classification map and legend

arc rcl;roduced here as Figure 5-37B. Although a

field check on :|cctmicy I'tas not been n_ade, it is

believed that in this case at least 00 percent of the

pixcls are correctly identified wilh lhe cktsses

established. I lowever, when this classification tcch-

nitlUe was applied to the Lancaster, Pa. l'arnl coun-

try studied earlier Isee Figure 4-1oA). the resultitig

map did not appear realistic or valid, and a much

lower acclll-at..'v ill;ly be aSSlltlled bt_'datlse Of tile

notably smaller sizes alld more irregular shapes Of

the crop fields there.

#5-7S: IJ" you consult a map of this hwal

area. you will conclude that most o J" tilt" larger lal"-

clld_'r pdtt_'r_ls tlm" imh'ed assochtted with towns

,utd vilhlges. Ilowt'vt'r. them, ,ire numt'n_us smalh'r

chlstcrs of ltlvcndt'r pLrt'l pattt'tTts that art, suspect.

[[ solttt" tiff real. W]ltlt might tho" bc? IJ" semi' are

"/d/St' al, lrnis. "" t'tlll .l'OtI dt'l'L,,it" till t'A'llhlllalioll ./or

this?

=5-7_). • ('atl you give tt rvt_solt wh)' matty of

tht" rt'guhlr shapes (mostll" rt'¢tattgh,s) of tilt" corn

,rod sot'/,t'an .[h'lds so ct'idt'nt from t.'igtln, 4-lob

,to not s/tow tip _ts rt'gtthtr in this t'hlssQh'ath_tt?

Yhis classification of agricultumd lands should

give .vot_ sonic insight into :t major practical use of

L:mdsat in monitoring and forecasting prothlctiot_

(area X yield) of several of the main crop types

lit;it se_'e ;is worldwide food staples. The lilOSt

ambitious project in the 1070"s for testing the

value of remote sensing in predicting global food

supplies has been the LACll" (Large Area Crop

Inventory I!xpcriment) prog_m_, condttcted joint-

ly by N:\SA. the U.S. Department of Agriculture.

;intl the U.S. Weather Bureau (NOAA). 13 In this

I.',,_e.. t_,:,.iov by _.icl'_,.-.zl2. R.I|. and I'.G. Ilall. Glohai t'"W, kore.

castm._ Science. vol. 2118. pp. 1_70.o70. May le,. 1980.
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DATE OF ORBIT: 11 OCT 72

Figure 5-36. Classification of coal waste area southeast of Hazleton, Pa., made on ORSER system.
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ORIGINAL mAil
COLOR PHOTOGRAPH

.i_:_ CORN _ WATER

SOYBEANS SILTY WATER

FOREST _ BARREN OR
FALLOW LAND

TOWNS AND BUILT
UP AREAS

m

ibm

LAND WITH LIMITED
VEGETATION COVER, e.g.,
CROPS IN EARLY
GROWTH STAGE; WEEDS

UNCLASSIFIED

Figure 5-37. Middletown, Delaware- Elkton, Maryland Landsatsubscene.Left: Computer-enhancedfalsecolor com-
posite. Right: Classificationof subscene.
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program, data from Landsat. meteorological satel-

lites, aircraft, and conventional ground sources

have been t, scd to estimate tile ann'ml yield (pro-

ductivity) of winter wheat in the principal pro-

ducing countries (including the United States.

Ca.lads, Russia. India. Australia').

Land_lt observes which fields arc planted in

wheat, so that acreage can be determined, and also

provides intbrmation on stages of growth. Inde-

pendent estimates of yield per acre are derived

from rainfall and other weather-related data ob-

tained by NOAA satellites as correlated with sur-

face stations. Because of the vast areas involved, a

sampling strategy has been devised to reduce the

total area to selected regions and to rely on repre-

sentative training sites. The key to a successful

estimate lies in making observations at several

times during the growing season, in other words, to

correlate spectral signatures with the crop calendar

(.see p. 275). A goal ill this first exnerimental large-

scale coordinated effort among nations to monitor

the annual output of a basic staple is to achieve a

O0 percent accuracy level for winter wheat acreage

90 percent of the time in the foreign countries.

#5-S0: Stq_pose you are a,_pointcd to dessert

the experiment to detcrmhw the feasibility el'large

area crop #tt'entorics from I..'arth-observing satel-

lit¢,s. .llahe a list of the important rariabh's to con-

shh'r arid tilt" /?lcaslll't'Dit'llls rt'quired. Try .l'ollr

ham1 at laying out a Jlow dhzgram showing cxtwri-

mental dcsiglt in a logical scqttt'llct'.

Coastal Areas. In Activity 4, we made an attempt to

rc,.ognizc one or more wetlartd_ classes in the

Barncgat Bay area along the Atlantic coast of New

Jersey. It was evident from the photo images that

the land/water interfaces in the brackish lagoons

;.l,ltl bays could be fairly well detected ill tile

infrared bands (MSS 6 and 7) and in the false color

composite. Silt in the estuaries and offshore in the

Atlantic is most easily seen in MSS bunds 4 and 5.

llowever, some of the classes of interest on the land

proved difficult to r,-cognizc. Fi,.'urc 5-38 includes

a stt[_crviscd II)IMS classification of the coastal

region of New Jersey from Atlantic City to Barn-

egat Bay. The color key in this figure designates

thirty-eight st,bclasses, some of which are _adations

within a single class. Ilowevcr. the eye cannot

distinguish many of these .,,ubclasses in the scaled-

down map as reproduced in tile figure. This is a

common problem in color-coded maps and can be

alleviated by making enlargements and using "zip

tone" patterns within different colors.

#5-81: Return to the New York/New

Jersey scene h_ l'_,ure 2-1. With the aid off the

IDLIIS classification, center your attention in the

Landsat intages on the Barnegat Bat, area. llow

many of the computer-mapped classes can .l'otl

ilow recognize in the hnage?

#5-82: Which classes might you have mis-

htentified or ]'ailed to separate h_ the photo

images?

In the lagoonal wetlands behind the offshore

bars and islands on which Atlantic City is built, the

terrain consists of open water, mudflats, and brack-

ish mar,_iles laced with drainage channels. Several

plant types are characteristic of this ecosystem

along the mid-Atlantic coast: chiefly Spartina

alterniflora and Phragmites in the satt marshes; eel

grass, widgeon grass, and sea lettuce in submerged

saline aquatic environments. Differ:'nt wetlands

vegetation, mainly a preponderance of fresh-water

species (spatterdock. wild riceL occurs along the

flood plains of rivers such as tile Mt, llica. Ground-

;.Hid air-surveyed wetlands maps dsually show a

nleaningful subdivision of the principal vegetation

communities. Under lhvorable conditions, it is

possible to recognize and delineate some of these

classes ill _,etlands classifications made from satel-

lite observations. An example of this more refined

classification will be considered in Activity 8.

(p. 321).

Computer processing has proved successful.

under favorable circumstances, in delineating water

quality levels ill lakes, rivers, estuaries, and marine

environments observed by landsat. Tile water

quality conditions that cal: be sensed are suspended

solids, turbidity, algal blooms, some types of nutri-

ents. plankton, and chlorophyll tits presence, and

sometimes its concentrations undel certain condi-

tions in regions of high biological activity). Trophic

states (degree of eutrophication) in lakes, which

depend on interactions of several of these and

other parameters, can also be assessed. Generally.

water qmdily effects related to particttlate n_:ltter

will show up best in MSS bands 4 a,ad 5 tFigure
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Figure 5-38. Cemputer_nhanced subsrsne (top) of New Jersey coastal and inland areas, and computer-processed

classificatio; '.. ': :c-n) of these areas. The color key defines 38 classes.
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4-20L but'chlorophyll determinations in suspended

organic nlatter nl;.lke rise of band (+ ;,is well I.calctl-

lations based on some regression models may

inch_tle band 7). To derive quantitative results

for mapping water qt._aflity parameters over wide

areas, a conlprt.-Ilensive on-site sampling program

is required; field measurements and collection of

samples for laboratory analysis close to tile time

of a kaqdsat overpass ust, ally lead to the best

estimates.

A part of the Chesapeake Ray at its head in

northern Maryland was classified on I DIMS in terms

of several categories of water. The data were ac-

quired on May 28. 1978. Seven water classes are

depicted in Figure 5-39. Note that five refer direct-

ly to broad limits of turbidity in waters from train-

ing sites in the Bay or along the Bush River. The

class river water was established by training on the

Ronmey Creek embayment: estuarine waters in

other rivers are sirnilarly classified, but the bay

water west of Spesutie Island appears to be mis-

classified. In this rendition, land categories other

than wetlands are masked out tnot identified} and

assigned a dark blue-black color in the relevant

areas,

As Lzmdsat and similar systems become opera-

tional, tile compt, ter will play an increasing role in

conducting a _arict.\ of a:]alx acs for applications to

water resources. The diagram in Figure 5-40 shows

implicitly that digital data processing must be in-

corporated into the analysis procedure in two

promit:ent ways. first, to classify the types, loca-

tion. alld extent of water bodies and related land

surfaces, and, second, to integrate these derivative

inlbrmatioq categories into d.vnami¢ models that

provide up-to-date estimates for various parameters

relevant to making timely management decisions.

Although analysis can proceed along two separate

pathw.".ys, namely by following movement of water

in rivers throt, gh watersheds and be" observing the

status of water collected in discrete bodies (lakes,

coastal Wg.lters, open oc,,2ans}, the t211d paranleters

may be interrelated so that. by conlparison, each

set of lnt)tlcl outputs supply new knowledge per-

tiilezlt to tile other.

Urba,1 Growth..-\s a final examplv of a Lz:ndsat-

derived ciassificatio,1, we shall consider tile delinea-

lion of land cover thetnes within a mzljor metro-

politan rcgitm. We shall :hen d,.'mot,strate how this

information ma\ serve as updated input for defining

areas of rapid growth along the urban fringe zone.

Sateilite observations of tiffs type are even imw

being evaluated as a supplemented data source for

,.'hatting changes or expansion of population

densities during intervals shorter than the decennial

census. Such demographic knowledge may also be

put to eflk'ctive uses by regional planners.

Tile subsceuc selected for classification is

centered aroun,t Philadelphia. Pa., as scanned by

kandsat-3 on June 11, 1976 (30098-15013L

Training sites for a classification were picked from

aerial photos (Figures 2-7A and 2-7B), several

pertinent thematic maps, and the familiarity of the

analyst {W. Campbell, a native Philadelphian)with

muc'_ of the region. The classes to be mapped were

chosen from earlier experience gained at Goddard

in classifying Detroit, Mich., Washington, D.C., and

Austin. Tex.. as part of a pilot project carried on

jointly with the U.S. Bureau of the Census.

In this previous work. the major urban classes

,aost readily identified in ' ,ndsat imagery were

industrial, conamercial, an: up to three levels of

residential, each of which is characterized by some

typical range of population density, le. general,

these classes also separate along lines of building

density, best expressed as relative proportions of

rooftops, streets, lawns and trees, and other inter-

i_al features. At Landsat resolution, such features

are spatially unresolved and are tlms subject to

tile complexities in;.tuduced b_, mixed pixeis

(pages 82 to 88). Generally. however, tile classes

themselves (and. indirectly, the popt, lation densi-

ties therein) in a large metropolitan region in tl:e

eastern United States may be determined from the

relative contributions of the inorganic building

materials (concrete, asphalt, roofing, metal, etc.}

and vegetation {trees. lawns, parks} compouents

characteristic of the urban environment. In a

processed Landsat color composite, an industrial

area consisting of flatroofed Ibctories. storage yards.

rail lines, roads at,el the like will appear as dark

hluish-_ay owing to lugher reflectanccs in bands 4

t:and 5) and ahnost no vegetation-related reflect-

antes in bands 6 and 7. Conversely. an aftquent

residential neighborllood is stn, ctured along very

different lines, namely widely spaced, sloping-

roofed home+ surrot, nded by lawns and'or trees.

and narrow access streets, and shows up ill various

retkhsh tones. Tile proportion of the surface

covered by huildings, parking lots. etc. decreases
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ORIGINAl PAem
COLOR PHOTOC_APH

t

BUSH RIVER VERY TURBID

BUSH RIVER MEDIUM TURBID

m BUSH RIVER LEAST TURBID

RIVER WATER

CLEAR BAY WATER

-'_ TURBID BAY WATER

_"_ WETLANDS INLANO

Figure 5-39. Classiflcat;on of headwaters of the Chesapeake Bay, showing various water quality categories.
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Figure 540. Flow diagram showing analysis sequence for deriving hydrologic and water quality
models using Landsat data.



and tile proportion of trees, shrubbery, grass, etc.

izlcrcases in the general ,,a.,quence: Imlus,'ri::l _

ct;mmerci:d--*high residential-_medit'm residential _

low cesidential--mmd, in early fall. for example, a

Land_l false color composite image of a city such

as Philadelphia (Figure 2-1] would show distinctive

color patterns. Ill broad tenns, these lange froth

dark bluish-gr:ly in the inner city and "fl,,.'_g .._jor

transporlatiou arteries, to lighter bluish-gray tones

in commercial .listricts (office buiklmgs, shopping

strips and centers}, to slightly phikish-I'_lue thn.)ugll

progressively more reddish tints as high to moder-

ale density city residential neighborhoods are

gradually replaced by more sprawling and scattered

suburban communities ill tile outlying districts.

llle Level i clas.sification of Philadelphia

presented in I:igu,',.' 541A is in one se,lse a color-

coded them:lilt expression of the kinds of classes

listed ill "l':d.fie 3-3. An allempt was made to iden-

tify lhcnl by their ch:mlcteristic blue and red tints

in a false color conlposite. The I\fllowiug classes

were set tip:

Class Color Code

Iml us( riall (:t nd so me

commerciall Red

Iligh Density Urban

( tllainly comnlerciad

;.llltl row hollSe/,il'_art-

Inch! rcsidcul ial} "tcllo_;

Medium Density Urban

(COllllllercial apart-

men( ; single dwelling

residential) Purple

I..o_ Density Urban

{ houses.._cat tcred

conuncrci:dl Orange

Open I.and (bare

fiehl ; dumps: sand

pits. e x c;.l_.'a I if'HiS _

IlliscellancOllS) (,ray
Wa,ter Blue

|:crests; heavily

wt_._ded residential

t;r:lss: Iow-d ensity

trees: parks; COllie-

(cries ; farmland

I)ark Green

Light Green

Inspectiorl of this classilicalion map suggests

that it is a genendly realistic portrayal of the over-

all distribution of building (l_opulation) densities

at, mini Phikidcllfifia. i",m,c_t-i, several glaring ,1,i_,-

Clz_ssil'ications cast some doubts on its accuracy.

For example, the ability to separate tile Schuyl-

kill River course from its surnn,ndint...,s seems to

diminish rapidly upstreanl. Where this river narrows

as it swings to tile northwest, its theme color

cll.'lllges i'1,,_,,; !,h,e {('or watcr_ to yellow thigh

density urban). While this does IIO[ seelll to fi[ tile

expected situation in a meaningful way. the in-

correct classification results in part from the pn.-s-

ellce of watert'mnt factories, mtldflals and cleared.

barren l'lood plain, and riprap (rock boulders u_'d

1o stabilize river Ilatlks} ill SOllle upslrealll segnlenls.

A section of the classification that depicts

part of inner Philadelphia along the l)claware River

and the industrial alld residential areas on the New

Jersey side is enlarged ill Figure 5-411:1. Some

classes in this rcndition may be COlllf_;.trl.'d direclly

with easily recognized urban units ill the high

resolution aerial photo O:igure 2-7BI exalnined in

__-_8).Activity 2 (review question "+ • "

_.¢,-$3: Locate and gire tile class name ht

I.'igure 5-.41B that ,',_rresl,onds to: (,l) Fcu't,,ries/

u'arehotts('s aml ,b_ckittg w/;arres along I)da..'are

Rirer: ( l, ) .\'e,trhy U.S. .\'aO' ..lirfiehi : (c ) I.'ran_lin

I). I¢,,,)st'r,'lt P,lrk: (d) JFK Stadium: (e) R,tilroa,!

.v,mts: (f) hltt'rstatt' q5 as it turns north: (el Row

/,crises in ,IowPIIOWll reshh'ntial s,'ctioll." t'h ) retm.

h'mn l;mh farm.

_3-$4: I1.1' s,'h'cting ,t numbcr _q" #t, lirhlual

pixels (or a ('ntltinmms gn)up o]'pLx'ds assigm'd the

stlDle ('hiss llallle) lhtll .volt ('_I1! assochgte with rt'('og-

ni:ahh' fi'atun's hi I.'&nm" 2-.78. comment on the

g¢,ttt.mal ,h'gm'e ,JJ",'orrel, atiotl I,t'twcetl the ,'la.sse.,;

est,d, lished from the Lan,ls,lt ,hztaand theirslwCiJie

rt'l,resenta!i,m in the real worhl, hi l,artictdar. ,b_

rot( think th,lt the quality o]'chass(lh'athm and th ;

,h'gree o.f acctlra(l' cstimalt'd h.v t'olnl_dritlg I,L_'eis

with at'rhll photo chg_ses is 'Lf suJjicit'Itt mr'tit to

h,t,'e t',r,n'lh',t/utilio" ? Ih" sp('c_lh'.

Your response to tile last two questions has.

most prol_ab[y, convinced you thai [[lere are

obvious limitations [o at L.and_lt classificaltion.

especially if details (sin:Ill individual surface fea-

tt,res) arc germane to interpretation ,llld applica-

lion. {._lm intuitively feels uneasy when vari,'_us

different constituents are "'luml'_Cd'" together ill
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ORIGINAC PAGE
COLOR PHO_

A

U INDUSTRIAL )AND SOME COMMERCIAL)

_','_,_ HIGH DENSITY URBAN (MAINLY COMMERCIAL
AND ROW HOUSE/APARTMENT RESIDENTIAL)

n MEDIUM DENSITY URBAN (COMMERCIAL APARTMENT;
SINGLE OWELUNG RESIDENTIAL)

In Low OENSITY URBAN IHOUSES, SCAttERED COMMERCIAL)

OPEN LAND (BARE FIELD; DUMPS; SAND Prrs,
EXCAVATIONS, MISCELLANEOUS)

WATER

m ORESTS. HEAVILY WOODED RESlOENTIAL

In GRASS; LOW-DENSITY TREES, PARKS, CEMETERIES;FARMLAND

Figure 5-41A-C. Classification showing urban categories around Philadelphia, Pa.



s,mle siugle, generalized ¢:llegory or class. ;\u

obvious solution would be Io recl:lssify tile scene

after eXpa,ldillg or subdividiHg tile Illllllber of

d;I.,;scs, ill efft'¢t."'cleansi,lg" certain classes {}1"

spcctrally si,uilar but el'tell unn.'latt,d fcatt,rcs.

l'his purit]c:ltion of t}lle £];ISS WaS attenll+ted

oil tile ._lnle dalai set show|l ill Figure 5-4111.

Fxa|ui|lation of Figure 2-7B indicates that, visually

:it least, tile r:lilrt}ad yards Co,lit:It|to 41distinct fca-

tllre h;Ivillg ;I ,llore oF less ho,IlOgCllet}llS spatial

¢h;u':zcter. Several tr:linillg samples were specified

I'rtml the sets t}l" railroad tracks below Frankli|l

Fiehl. A new iilap cotltainillg tile althlilion:,l class

rai! V;ll'ds. ill while is showlt in Fi.m,re 5-.411.'.

]'he restllts :.lrt" dearly tlis:lppt+i,ll ing. eXI! hough

th,: railroad yards from which Irai|li|lg sites were

scl¢¢tt'tl are flOW singled out. si,llilar yards w¢sl el +

I_,oosevcll Park :Irt,IIOl as.'.;ig,led to lilt" ilcw thclllt'.

IIt+wcver, Ibis while-shaded th¢lll¢ ,1tax,, appeal,-;

fairly consistently alollg the rix¢r shorelines :llltl

within ,lll,¢h of tilt' dt'JWlltOXVll sections o¢¢Ul+ictl

I'Py rOW holISt,S.

&g-S.¢. l'rr to c.vf,lai, this ,,a, licil_atcd n'-

still, II'hal p*l_ht I_t" do,_" h> re'd,c," lh<" _o,.l}tsi_pl?

..\SSIIHliHg yotl .lllswered. or ;It le;lsl thollghl

abolll, this I;Isl qllCSlion, let's tlclv¢ deeper illlo lilt,

i,|lplicalio,ls of tile mis¢l:ls.sifi¢;llions Ihall led It}

lilt' CO,It'l,SiOll. _,11 ;lllCllll'q tt_ {lllprovt" lht' cl;Issific;I-

liOll W;IS Illiltl¢ by .I more judicious selection of

Irilillillg sites, rely:rig cvt,n more ml low alliludo

:lc,i.|l photos, ft'_llowcd by ,1 data poi,H t l':lllsforlllil-

liOll thm||gh ('alloldc;d Allillysis. l'h¢ I'¢SIIIIs ¢Oll-

tmucd to be dis.'lppointi|lg...\lthough scvcr;ll ,lcx_ly

csl,d'qishe,,I ,,.'lass¢:.; were ¢c, rr¢ctly nlalppcd. SOlllC of

tile prcviously classified areas were crroucously re-

assigned to the uew cla&'_es. I:or exanlpl¢, the rail-

road yards were better dc|illed iust IIorth of lh¢

ri_cr ;llld were elimi|lalted I'rolll tile class of ruw

hot,sos (FI'R. t_r Fklt I\H_ Roof class'l, bt,t still

were ,lot picked out west of I,?.t_o,,a.'vclt P:lrk. :_,lso,

.I new cl:lss dallod r.ltlk I::lrlllS (Oil stot';Igel WaS

propt,rly idetltified all three Ice:trollS but the rater-

state I'recway ixiSSiltg throt,gh the st,bsccu¢ w..,s

thou mislabeled as tatlk t':lrlns.

l'h¢ C;IllS¢S tit" Illis¢l;IsSificiltiOII Call el'fell l_C

d¢duct,d Irolll tile statistical Olltpl,t obtaitled

du,illg class: float:oil. Figl,re 5.-4_" ¢otlt;.litls c\¢erl,rS

of flip ,,¢ltl;ll lltltlloricall ,l,ld gl';,phicall da, tal l+rillted

ot,l dttiing tile .Malxitul|nl l ik¢lih:'_,d c+;:.'_i!':.i+q'

procedure on II)iMS. It will be instructive to

t,xamille some of these data as quaint:lattice indica-

tors of the efficiency of classil]¢ation. The relative

ht.lnogetteity t}f the classes Flat Top Roof cF'I'R'I.

Railroad (RR). Residential {RI-S). and lnduslrial

tlNI)'_ are depicted by histogr;,ms of the frequency

distribution of pix¢l reflect:noes scale from 0 to

ItX) pe_'e,lt truncated to fit tile diagrtltll (plotted

on tile abscissa: ore:nitre scale reft`rs It1 [variablel

nl, nlbcr of pixels ill tile saull+le). Cornea, re tht, haste-

grains for Iq'R :lid RR {e'_ :llld B_. Both show very.

similar shapes ;.llld spn.':ltl of values This is con-

firnlcd by tilt, hie:ms :lnd standard deviations Ibr

each of the t\mr MSS b:lnd ret'l¢¢hlllces {renwlnbcr:

Channel 4 = MSS 7:3 = _,; 2 = 5: I = 4_. The st:m-

dard deviallion..i, ill particular, art" rclatively small.

also surest:rig litllt, variation ill tile tlcl_llctl d;Iss.

Some inft}rnlalion about varialbility is provided by

lhc Vari'mcc4,'twarianc¢ Matrix. This in:Iris speci-

tics Ihe d+ncolllr;lliOli of data points :befit tile

,neam vector ill tilt" Illt;!tivali;Ite SpalC¢ ill tile S-'I,11¢

IIla,l,ler th;ll tile V:ll'i;|llCt, ;IIOllC specifies tile COI1-

C¢llll':ltioII of data pea,its al'wqll the IllCalll ill till:-

vat:ate sp:tcc tP. 422). R¢¢;!11 fronl p. 173 Ih:lt Ihe

di:lgonal records lhe variance t_f e-'lch band by ilself

;llld the v,:lhlgS off'xli:lgOllal rt'fer to coy:ira:noes

[l+;llltls I It} 2. 2 Io 4. :lit! SO forth'}, i.arge v.llues

imply slrong posilive or negative interb:lnd correlal-

lion. IIowcver. IIIOIX" n.',ltlily inlerprt'ted inh>rnlal-

lion is t'*+lllali|letl ill lilt" t'orrel:llit',ll M:llrix. i,I

which v;Iriance-cov;iriallc¢ v:lhles ;ire scaled [llOf

nlalizetl} .,a_ Ih:ll ¢;IC11 carl:race bc¢onles unity :llld

COv;Iri;lll¢¢S r;lllge I'IX_Ill 0 tO 1.00, Nillllber_ ;Ip-

pmalching l.t)O or -I.00 indicate strong emss-

correl;ltitm and also may express the intlllenc¢ of

higher standard des:aliens. Slrong cross-x'orrelalit)n

rexcalls |'_;Ind redtltl_.|ali¢y, which tile;Ills thal both

bands ;in." nleasuring sam:lair v:lriation :rod either

balld would have sut'ficed to obl:lill representative

retlCCta|nCes. Ill general, the best training sites Ibr

alllV gi_..ctl class arc them" wilh small standard

dcvi:ltions (or v:lriallces'} and low vahlcs ill tile

ot't-di;lgt}u:ll posit:OilS of the Vari:u_ce-('t_v:lriance

;llld Ct_rrclatitm Millraces.

The dat;i tbr CklSSCS FTR :ll'td RR are _ :dike

that scp:lration by spectral characteristics will be

difficult from values supplied hy the MSS on Lalld-

sat. Better s|+ectral _'_lution should help I',ut.

more i_rt_b;ibly, illlpr'.:vt,d spatial resolution thai

picks up distil|clive patterns _.rectanglcs/squ:tres for

row hou,;,'.: :m,l line,; I'_r r;lilrt_.ltl tracksl WOtlld I'w

22q
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requi_'d to distinguish between the two classes.

A diffcn:nt situ.ltion exists with the two train-

: mg sites chosen to represent the class RES tC and

I)1. At first el;liCe, the numerical data seem to

nlark each sit( _ as statistically acceptable and in-

deed they arc valid from that standpoint. Both

sites show ncarly identical nit:ms and standard

deviations for channels I and 2 (bands 4 ;hid 5") but

tile nleans a_" distinctly dil't_'rent l'or channels 3

and 4 and tile standard deviations ;Ire higher. More-

over, sinlilarv:lriations;ire lloled betweell these

first two sites and two other RI-.'S sites. When data

for all four tnlining stieswere lumpcd together to

conq_rise tile defining statistics for the single dass

RES, tile final classification map contained large

areas correctly identified as n.'sidcntial. But, spo-

radically distributed smalh:r arc:is were mixed with

other classes (e.g., comnlcrckll} such Ih;llconlp;iri-

son with tile aerial photos indicated evident mis-

classifications. The prublem hcre was [h:l[ Ill,." nlorc

or less honlogcneous indMd ual trainin_ site s:unples

were representative c, fa illll_..'[I IllOl_" varia[',[c gt,'lle_i[

class. "I'll,." variation was imtuccd m:linly by the

v:lriabk, :nnount of vegetation {,mostly trees and

SOllle gl';ISS_.St)triP;I_';ISOJ" thc so.'ncill dowillOWil

Philadelphia consisted of stores ;rod other conl-

mcrcial buildings internlixcd wilh enough vegct:l-

tion to begin to look like resith.'ntkll areas. l\) get

a better classification of RI:.S, it lnight have been

flit[ her subdivided illtO [.Irb;lll Residential - Low \:

tlow vcgetation)and Urban Rcsidential-lligh \;

{al'mntl:mt vcget:lticmk with more strir|gcnt liulils

oil the allowed percclltagcs of ve,'et;llion. l'ha{

class pr_bably overlaps into tile .,2ener:ll cI;iss of

\led;urn I)ensity Residential in the original classi-

fication, which usually inlplics sulmrl')an residential

in part, except for its location in tile inner city.

Ill plaices, also, Urbilll Residential Low V would

probably grade into tile class Conunercial (not

specified uniquely in the original classification),

especially in sections of the city thal have been

la .:l,,,capcd by the city. nlcrc[lallls, etc.

The class designated IN l)l !') illusl rates furt her

difficulties. Inspectior_ of the histograms shows a

high v:lriability I,large standard deviation} with a

['.rollt',)tlllCcd bimodal and trimodal distriblltion of

pixel reflect;noes. ['he v;l[ues Ibr the ('ovariance

and ('orrclation Matrices ;Ira ;list) high. rile stalll-

d,ird deviation exceeds 5.00 for three of tile four

channels. :\s ,i rule of tlmtnb, a standard deviation

greater than 5.00 is cause to suspect the quality of

:l training sample as representative of a desirable

C'lass. IIowever. this conclusion should be tenlpcred

by Oll¢'s lllldc;'S'talldillg of tile natlllX" of itdefined

class. Ill tile real world, exlensive variability would

be expected Ibr a class such as IND. hldustrial

thcilities are characterized by buildings of many

sizes, with varied meting, by parking lots and

diverse outdoor features (storage bins, piled-ut')

matcrklls, etc.1, and by considerable variation ill

vegetation cover. Without a high spatial resolution,

it is extremely difficult to compenglte for the

broad nnlge of spectral variation expected from

this diversity of industrial facilities within what is

conveniently grouped into a single cl:lss name. Tile

likelihood is high that many building colnplexes

and other assemblages of grotlnd features ;lOt used

for industrial purposes coukl fall within the spectral

limits of the training sites chosen lbr IND.

l'he bottolll line to the argtllllents and cotl-

chlsions just drawn is that the Landsat MSS. with

its currcilt spatial and spectral rcmh, tion, is general-

ly an inefficient tool lbr class;tic;lion of ;areas con-

sisting of Ill;llly different and vadable illdividual

grOlllld features. An urban,'suburban nletropolitan

arc; is a prime example of this statelnellt. Improved

resohllion available now from the Landsat RBV

and anticipated lbr the new Thematic Mapper

(rM) oil Lands;t-i) {,see p. 378) will certainly help

to allexiate this shortconling. But. for some pur-

poses, resolutions dlar:lcteristic of aerial photos

may bc mandatory. I lowever, :is will be espoused

in the next 3 paragraphs, certain olhcr classifiea-

[iOI1 [asks for illctrol'r.)lit;in areas Call already be

perl\mncd by the MSS

Despite the seriolis shortcomings su_aestcd by

this I'hiladelphkl cx:m)ple, tile pilot studies or;

url_am area classification rel×)rled to date indicate

that valuable information may be gathered froln

Land._lt data. Ill stlpl')ort of this contention. ;ill

overall accuracy of 73 percent was achieved ill

defining residential areas within tile urban fringe

folio to the sotlth ;lid east of Washington, I).C. _ "_

l'he classification derived from all April IO73

Lalld._lt SCell¢ was conlr, arod. point by point, with

a map sheet for the arc; from the laltcst Metro-

politan Malp Series tMMS) prcparcd by the U.S.

14Chnstenr_m. J.W.. J. B. Davis. V. J. Gtc!'.g. II. M. Lachowxki. and

P.. !.. _!;t.'.;,m'.cy. !,ahd.i,,g g',t_n ..ittu l',rlln_'atton. |lllr;|lab Proj-
¢,.'175-3, t;SFC, Iq77.
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Bureau of the Censu.s. Some 180 residential sub-
divisions were identified. Changes in the nearly

three years since the 1970 census were readily
detected. Most of these relate to new housing

developments at which natural vegetation has been
removed and new plantings have not yet grown to
the extensive tree cover characteristic of older

neighborhoods.
This conversion of land use to some recogniz-

able residential category is of vital interest to both
the Census Bureau and the citizens of a region.

Federal and state funds for a variety of projects are

commonly allotted on some population density-
distribution formula. A base unit within small

geographical areas called Enumeration Districts
(ED) (themselves key components in the Standard

Metropolitan Statistical Area [SMSA]set up for
each of nearly 200 cities in the United States), is

specified in term5 of population density. In the
simplest case, the base units in a fringe zone are

arbitrarily divided into urban area (UA) and rural
area (RA). Portions of an ED containing 1000 or

more persons per square mile are designated UA's.

Refore 1980, the. UA!s had been reviewed for
boundary changes, or RA's reclassed to UA's, only

during dec'ennial census years, i.e., once every ten
years. Congress has now mandated fntercensal-UA

updates, at least every few years, in fast growing
SMSA's.

Current conventional methods prove too

costly and inefficient. The Bureau of the Census
has therefore turned to a combination of satellite

and aircraft remote sensing techniques together

with appropriate statistical sampling procedures on

the ground to estimate changes in status within the
urban fringe zone. The stated goal is a 50 percent

reduction in the size of the fringe zone and in the
number of ED's that must be field checked• Suc-

cess would lead to significant savin_ in time and

money.

#5-86: Explain how a classification at the
levels attained #l the Philadelphia example might

meet the goal set by the Census Bureau. (Hint:
define the training sites in some suitable, quanti-
tative way.)

CONCLUDING REMARKS

We have at last reached a stopping point in this

rather long activity. Hopefully, you are now a "'con-
vert'" to computer processing as an elegant and
efficient means for displaying Landsat images and

extracting information from the data. If not. you
should reserve final judgment until you look through

Earthwatch, a striking new book, containing more
than 80 computer-enhanced images and a text deal-

ing with sophisticated processing techniques pub-
lished just as this workbook goes to press. Earth-
watch, written by Charles Sheffield, is published by

Sedgwick and Jackson, London, 1981. and will be
distributed in the U.S. by Macmillan and Co., New
York. Your convictions should be strengthened even

further as you complete the next four activities, each

of which touches upon still more examples of the role

of computers in data processing. First, you will shift
your perspective from space to such aspects of

ground truth as training site selection, accuracy
assessment, and field measurements. Then. you will
learn how to interrelate Landsat classifications with

other kinds of data as key steps in evaluating
information needed in the decision making process.

Next. you will work through a case study that dem-
onstrates the impact of Landsat on the day-to-day

operation of natural resources agencies wittrin one

state. Finally. you will learn about other satellite
systems that provide additional remote sensing data.
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A CTIVITY 6

NEAR SURFACE
1

OBSERVATIONS

LEA RNING OBJECTIVES."

0rIg_'a_ h

•Lrom._08 Do*- ^ ." -_ be _u.ro.ha_o_.u_ uen_e_
Blo_ Yal:la,_ _D. _719_

Derelop an understanding o]"tile implications of the term "'near surface observations. "'

Associate the appe,zrance of large ground features as seen hz satellite hnager3' with their appearance as
seen from the ground.

• Leant criteria 7nd proce_htrcs for selecting trainhtg sites on the grotmd for use ht supervised classifi-
cation.

• "Run through" an example o1"trahzing site selection.

• Be familiar with sereral methods for accuracy assessment.

• Become aware of the approach and value of making supporting measuremett:_ of spectral and other
physical propert,es of materials on the ground and from aircraft.

• Tal e note of the different types of instruments used ht making specific grotutd measurements.

• Appreciate the rationale underlyhtg laboratory attd field studies on or near the Earth's surface for the

purpose o]'derelophtg new sensor systems.

II'he term "near _urface observations" is used here to mean acquisition of inlormation about the Earth's sulface both from the ground and

from aircral't. Another term, "'ground truth." is now re_rded as a colloquial or slang expression for any reference data on ancillary inf,zrma-
tion obtained from a variety of sources (rn_pc. Oe!d weft:., la_orazc, r-, ;csi_, yubiist_eti accounts, historical reo_rds), including measurements

specifit.-'-'-'-'allyin support of remote sensing observations. Implied in the concept of ground truth is the assumption that such data ".'an serve as

standards for correct interpretation of accuracy assessment of remote sensing results.
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TYPES OF OBSERVATIONS

Until now, tile ?mphasis in tile workbook has

been ell the appearance of the l:'arth's surface from

on high. that is. looking more or less straight down

tat or near nadir) from spacecraft or aircraft plat-

forms. In this modc,objcctsand groupsofrelatcd fea-

tures are displayed in outline or plan form much as

they would bedepicted on maps. Those who freq uent-

ly use maps and/orareskilled in photointerprctation

are already familiar with the characteristic shapes

and patterns associated with these objects so that

their identification is often easy. ilowever, most

novices in remote sensing tend to rely, at first, on

their experience as _ound dwellers in that they

think of these objects as they would view them

from horizontal or low-allele panoramic vantages.

This is a customary frame of reference and is an

appropriate attitude to maintain as one masters the

principles of remote sensing. In fact. the remote

sensing specialist should retain a surface-based per-

spective of the Earth during all phases of data

gathering, analysis, and application, since most inter-

prorations and decisions dealing with natural re-

sources will be implement,:,l ,tt tile ground level.

The above conclusions are deceptively simple.

The subject of near surface observations is more

varied and ,:otnplcx than uvidcnt l'rollt a first con-

sidera lion.

#6=1: To appreciate this s'tatement, consider

liar a "few mhmtes the rarious kinds aml'aspects of

near sttrJace obser3'alions lhal come I0 )'ottr mhtd:

list them.

Compare your selection w!th the entries in

Table 6-1. which together constitute a representa-

tive. although not complete, outli,le of the types of

tasks and operations associated witll the analysis

of ground and aircraft data obtained to support

remote sensing :lpplications.

In the remainder of this activity, we shall con-

sider five topics culled from Table (,'-1. which to-

gether make up the operations most frequently

l_ertbrmed dttring near surface observations.

I. Correlation of familiar sttrface featttres and

localities with their expression in satellite

imagery

2. Selection and identification of training site

samples for supervised classification

3. Verification of classification accuracies

4. Field measurements to support data analysis

.';. Measurements pertinent to sensor develop-

nlent

Wc shall also Iotleh ripen several subsidiary topics

where appropri:lte.

The "Multi"

The essence of the ideas listed in Table 6-1 is

that the key to effective use of remotely sensed

data lies in obtaining aPl_rotwiate inlbrmation

about the real world and then relating this knowl-

edge to the data. A strategy to do this is embotlicd

in the "'multi-" concept. Tiros, data sh,_t;kl be

acquired whenever possible from diffctcHt plat-

forms _mttltistage). at various distances from the

Farth's surface Unttltih'rcl). This gives rise to

multLscah'd in)ages or classification maps. l)if-

ferent senf, or systems Dmdtisenvor) should be

FAMILIARIZATION

Approach

employed sinmltaneously. These sensors provide

data over various regions of the electromagnetic

spectrttm (multispectral). The data must el+ten

be obtained at different times (multitemporal).

whenever seasonal effects or illumination dil-

l_'rences arc factors or change detection is the

objective. Supporting ground observations must

conic from nl;.lny relevant+ but not necessarily

interrelated sources (mtdtisottrce). Some types of

surlhce data may be correlated with one another

and with remote sensing data tmultildlase).

WITH GROUND

APPEARANCE OF IMAGE FEATURES

spot persrective, is among the easiest and usually

mur, t ettjoyab_e actions you can tindertake in ana-

lyzing a Landsat linage. When in the field you need
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Table 6_1

Role of Ground and Aircraft Observations in Utilizing

Satellite Remote Sensing Systems for Earth Resources Applications*

Orient and familiarize the user with information contained in Landsat images, i.e., correlate the small-scale

vertical view with the user's surface experiences as an aid to recognizing major land cover categories

Provide input and control during the first stages of planning for analysis, interpretation, and applica-

tion of remote sensing data (landmark identification, logistics of access, etc.)

Reduce data requirements (e.g., areas of needed coverage) for exploration, monitoring, or inventory activities

Assist in mapping from space imagery by photointerpretive methods

Select test areas for aircratt or other multistage/multisource data support missions (e.g., simultaneous

underflights)

Specify sampling strategies

Select training sites for supervised classification

Identify classes defined from unsupervised classification

Obtain quantitative estimates le.g., field size, forest acreage) relevant to class distributions

Verify accuracy of classification (error types and rates) by using quantitative statistical techniques

Collect physical samples for 'laboratory' analysis of phenomena (e.g., water quality, insect induced disease,

rock type) detected from remote sensing data

Acquire supplementary (ancillary) nonremote sensing data (e.g., from Data Col!ection Platforms, or "'Wind-

shield" Surveys) for interpretive model analysis or for integration into Geographical Information System

operations

Develop standard sets of spectral signatures for analysis of data already acquired, by using ground-based
instruments

Measure spectral and other physical properties ft, r specifying characteristics and parameters needed to

design new sensor systems

*Ma.iorground_'_ricntcddata sources: ficldob,_rvations;on-sit_mcasuremcnts;maps:dcscriptiv_rcports:inventory tallics:aeria|reconnais¢,,,_nce;

lar.,.'¢-_'a_¢aerial photos+
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only to locate your _ound position within die

hn:lge, look arourld, equ:lte and compare tile stir-

. face, features you note with tho';e evident in the

image, The key to a successful correlation is

often just to tx" able to see a large surrounding area

and note distinctive I_,atures or locations whose

dil'ferent patterns tdefined by shal"'-" and spectral

variations expressed as ranges of gray or color tone

levels) can be matched in the same image. To do

Ibis oll the grotlnd, yoii inav need to "'liller out'"

details (usually a multitude of small features,

below image resolutiolf) and see only the gross

lZ'atures tit;It ::,how tlp ;IS fairly tlnil'onil patterns.

The vantage points of a hillside, a tall buihting.

or, best of ;ill. an ;fircraft, se_'e ;is close-up plat-

forms for this la."ge area or s)'noptic overview.

In early October of lq7S. the author con-

,tl.lctcd a grotJild recollilaissallt.'e of rlltl_.'11 of tilt."

terrain and many localities that we have been

studying in tile New Jersey anti tlarrisburg scenes.

This trip of about 700 kln (450 miles) required

t_vo days. Ground photographs taken at t_velve

selected localities tire reproduced in Figures o-I

and (_-2. The nunlber-letter pair (e.g.. 1F) assigned

to each locaiity indexes its approximate location

(at arrows) in the June S, 1077 kandsat scene

(Figure o-3). _,lese localities are identified as fol-

It)%_,_, (Cc)llktiil ,1 Ill;ll 1 lor additional infornlation):

Fi.<.,ure 0-I:

:\. Orchards and fields within the Penns)h'ania

l_JcdlilOill, iI¢:ir New Freedoln, Pa,, Soulh

of York lookin_ northwest

B. V',ltlcy fron'i side of Blue Mountain and

noriheasl o1" Carlisle, looking south l'roill

llighway 34 toward South Mountain in tile

diSlalice

('. Junizita River ',it Port Royal, looking east

toward a ridge

I). I I,irri'_i,ur 7. Pa., bridge crossing tile Su_luc-

h;llllla River, looking northeast

I(. Bhte .Mountaiil, with patches of gypsy

inolh del\_liation, llorth_.asl oi" Ilarrisburg,

looking easl

I:. Multiple small Cn_l_ Iickls in the Penns)l-

vallia l)ulch Cc)unlr3', ilearSlrasbtir_,look-

i I1.,-'west

Figure 6-2:

A. ' Town 91" Mahoney, City. Pa., looking south

fronl hill

B. Coal refuse pile near Silenandoah, Pa.,

looking east

C. Nesquehoning Reservoir west of Nesque-

honing (Town). looking north toward

Broad Mountain

D. Green lane Reservoir. south of Pennsburg,

looking soutllwest

E. Chesapeake and Delaware Canal. with rail-

road bridge and pipeline visible from

Route 301 bridge, looking east

F. Soybean and corn fields in farnllands

northwest of Middletown. Del.

Sonic of these photos lend themselves readily to

certain questions that will help )'eli to orient

yourself and to belier interpret the scene. Use

Figures 2-I, 4-2 and 4-4 in your cross-correlations

between images and photos.

_-6-2: lmaghte .l'ourself at the roadside akmg

State II(_,hw_ O" 34 h)oking across the panorama

show," hz [.'igttre 6-1B. .|re any .features visible in

t/Us photo a/so re:'oMti.-able #t the October 1972

Lamlsat image. ) .".'ote the b)w forested hills in the

Illi,l-grolllld (q" the photo. ('(111 .volt filid their

possible ¢,luirah, nt hi the image? There art, several

cttlTil#tear rows of trt't's dmong the Jh'hIs. _ whdt

might they corresl,,md? .Vote the hills near the

hot'izoll. Ciltl roll fitld them hi the image? Name

the IUtysiogmphical unit (mountain) tho" represent.

..Ih_ Jut he w fixr across the" Io w'lultds are .i'otl k)o khtg?

#6-3: hi l:_ettre 6-1D. .l'ou are standing at the

west t'#td o]" the bridge that carries hiterstate $3

across the Susqttehatma River. From landmarks

ill tht' IdlOto (.".itch as the railroad bridge mid _h)wtl-

town IlarrislmL_). try to hwate .yourself itl a ]idl

Landsat seem'. (llint: t_e Figures 5-23 aim 5-24

_l.__1gtthle. )

=6--/: Examine the fiehl l,attenis itl Figure

6-11:. Fstimate their ,li, lettsiot:s. IFhat is one

characteristic ]h'hl shape? Ih_w wt,// cart i'ott set'

]'iehts of these si:es and shapes hi the frill Lamtsat

_cem'_ tl:igure ,-? or 4--1!i' \)_l_" !onk at Fig:ire
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6-4, a co;nputer-l,rodttced Landsat enlargement of

the area sot¢th of Lancaster, I'a.. iil which the

grotmd scene is embedde_L The appn)xinlate loca-

tiott oJ" this site in the Figure 6-1F photo is marked

by an arn_w ill t"(k,ure (_-3. ..ire the fieht pattents

you deduced ]tom the photo readi(!" or pt;orl.v

discenwd ht the computer rersion/ L:vplaht your

co/tchtsio/t.

#6-5: Figure 6-2:1 is a view of the town of

Mahoney Cio'. photographed from a wooded hill

(with homes) on its north sMe. There is no arrow

itt I.Tgure 6-3 to locate this towtl for you..llahonev

CiO" is O'pical of a s.u,ll tnhthtg town ill the

anthracite coal belt of Eastern Pemzsvh'ania. The

combination o J" bttsint'sscs, along a singh' east-west

maht street, attd frame houses encontpasses at h,ast

forty pixels in area..lhtch o]" the ttearb.v terraht is

covered Oy coal waste (spoil banl;s) itow partly

ve:,etated. From what rotl perceire hi the photo,

WOIIh] I'OIt e.Yl_et'l It) see the town bl a Zandsat

image? What factors (spectral characteristics, etc.)

nt(_ht remler it t'isihle? .\'ou' try to tbtd the tott.tt

('t_tin "t easy.') #I any versh_n of this Landsat scene

ht this workbook...Is an aid. use the section of the

1.'250000 .Vational Topographic Map Scri,'s .VK

1S-10 Illarrisl_urg) rctrroduced dS Fi:4ttre 6-ft. tlitlt:

h)cate l:rackville and a small lake to the east in the

imagery_they usually show tip well-as reference

points also eviden; in the map. Try the triangula-.

tion meth_)d to approxhnate wl'wre Mahoney City .

should he. Did you succeed or fail hi your search?

If you failed, try to explain why.

#6-6: It is possible to locate yourself ]'airly

precisely along the elongate .Vesquehonhtg Reser-

roir within the Landsat images. Look at Figure

6-2C. There are at least two features in this ground

view that _ppear hz many of the images o1" this

scene (co!or composites may be best), lehat are

:1_0,? Where is the poh_t on the ground from which

the photo was takclt (west, east, or middle of

the lakes edge)?

#6-7: Note the surface "scum" #1 ttTe water

near shore in Figure 6-2D. This is eauwd by float-

ing fresh water algae, often mixed with other

vegetative matter. Fairly high surface concel_tra-

tions of these organisms tend to devehvJ b.v late

sumnler aml sprcad ow'r much of the top surface

of (usually shallow) lakes. This, then, is a seasonal

condi:ion that can htdieate htcreasing lake etttro-

phieation, ttsttatl)' caused by nitrogen and phos-

phortts polhttalsts. Suggest how this bloom effect

mi_,ht atq_ear in Landsat imagery (both coh)r and

individual bands) attd there]bre be monitored.

TRAINING SITES

Probably tile most common reasons for con-

dueling field :_ctivities lie either in the necessity of

selecting training sites prior to SUl_r_'ised classifica-

tion, or identification of key classes after tmsuper-

vised classification. The best way to do this, if

feasible, is simply to spend a few days or more

actually examining the terrain for which a classifica-

tion is to bc prepared. Obviously, the scale of the

effort w ill depend on the area(s) to be classified: on.-

or more full kandsat scenes will require considerable

travel and field time [perhaps weeks), while exam-

ination of a typical subseenc (such as a 512 X 512

pixel image) may often bc accomplished in a day

or tw_. If field observations are limited by logistics

If'or example, in an inac_.cssible tbrcign are:__ ,_r

during :in off-scasonsuchaswinterLthenone mttst re-

ly instead on aerial photograph_, maps. interviews

with residents, etc. In practice, the specification of

t,_ining sites will normally involve integration of

these several sources of information-direct observa-

tion from _ound and/or air photos, a variety of

maps, personal familiarity, etc.

We shall concentrate here on rules and pro-

cedures fcr selecting training sites to be used in

preparing a supervised classification. Much of this

material is taken from the review by Joyce _ 1978)

published as a NASA document describing such

procedures. 2

2joyee, A.T.. Peocedures for (_athering Ground Tn_th hllbrmathm

for a Sttperrised Approach to a Computcr-impk, mented l_nd Corer

Cl_.:._i]¢:_.'.i:,,r ,_f Lat_ltat.acquired Multisp¢ctral St'aJD'It,. r Data,

NASA Reference Publ. !015, 1978.
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F

Figure 6-1A-F. Ground views of areas (located in Figure 6-3) within Landsat Harrisburg scene (mid-September 1978)

_see textl.
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BLACK AND WHITE PHOTOGRAII'I_

E

Figure 6-2A-F. Ground views (continued).
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ORIC;NAL" PAGE

BLACK AND WHITE PHOTOGRAPH

Figure 0-3. Location of ground views; Landsat band 7 scene acquired in June 1977.

The primary reason for estabUshing training
sites is to determine and define Land Cover (and/or

Use) categories to be mapped (,classified) from
Landsat data, assisted by other sources of informa-
tion. It follows that the sites to be visited or

otherwise identified must be carefully chosen in

sufficient number, variety, and distribution to

maximize the accuracy of classification of large

homogeneous areas in the imagery. Five factors
listed by Joyce control this choice:

I. General categorization of cover use classes

2. Size and shape of training sites
3. Number and distribution of sites

4. Homogeneity and uniformity of cover types
5. Distribution of sites throughout the scene

Categorization

A land surface may be treated in terms of

three broad characteristics: (1) vegetated cover

lvegetation constitutes more than 40 percent of
surface): (2) nonvegetated cover: and (3} topo-

_aphical variations. When considering the attributes
of vegetation, these arc the Frincii'al i:_flue::ct:g:

Plant species: Usually the cover may be classed

under a single species name if it constitutes 75 per-
cent or mote of the types present (examples: corn

field, pine forest_.
Plant association: The cover consists of two or

more s_ccic_ or P/Fez, making up more than 25
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BLACK AND WHITE PHOTOG_

Figure 6-4. Enlargement (512 X 512 pixels) of Landsat Subscene (band 5) of
Lancaster, Pa. and farmlands to the southeast.

percent t,:xamples: oak-hickory association: brush-

land, c::,mposed of sage and grasses).

Plant age: Stage o f growth o r maturity,

Plant vigor: Health. as affected by insect infesta-

tion, disease, moisture and nutrient deficiencies.

Plant density: Soil/plant classes with densities of

less than 40 percent, 40 to b0 percent. O0 to 80

percent, more than 80 percent.

Undcrstory vegetation: Two or more communities

whose tops lie at different heights above surface;

influenced by percentage crown cover.

Seasonal state: Extent of leaf'mg, color, etc.

Nonve_.etated land cover is composed of

water bodies, soil alluvium, exposed rock, extrac-

tive areas (e.g., gravel pits), mud flats, beaches,

and works of man (roofs, pavement, etc.).

Topographical variables include slope (slopes

less than 30 percent [ I5 ° ] may usually be ignored)

and aspect (i.e., compass orientation, influenced by

direction of slope with respect to Sun elevations

and azimuth angles).

Size and Shape

The shape (outline) of a distinct )k'ature is

often not crucial but its size may well be. A

natural feature given a specific class name should

be more than 40 acres (ca. 35 Land_t pixels) in

area to provide an adeqt,ate population of sample

points (pixels) for statistical significance testing.

llowever, sites larger than about 160 acres (ca.

140 pixets) tend to be nonhornogeneous. Excep-

tionally, sites as small as I0 acres may be used if

the feature is naturally in that dimensional range,

but this may yield poor statistics in classification.
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BLACK AND WHITE PHOTOGRAPH
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Figure 6-5. Part of 1:250,000 AMS map of area around Frackville, Pa.

Number and Distribution of Sites

The total number of necessary training sites

will depend on the number of classes set up as well
as the size (area) of the subscene. This is usually

a minimum of about three sites per category,

and may be as high as ten if a class has considcrable
natural variab.ilJty. These sitesmake up only a small

fraction of the total area involved. Even for a lull

Landsat scene classified into 10 to 15 categories,

the 90 to 150 training sites that might be required
(for a scene with diversified land forms, cover

types, and ases) will generally occupy less than

about 1/100th of the total area within this scene.

Homogeneity and Uniformity

This factor is governed by the need to have an

established class defined by some spectral property

(such as spectroradiance, expressed as a digital
number lbr each band) whose v:_riability approxi-

mately follows a normal (Gaussian) distribution. A

.4-

key rule-of-thumb is to fiad a training site on the
ground whose principal feature (or dominant

characteristic) is spatially spread out in a more or
h,s_; uni(nrm rti_tribution.

If two or more surface cover types are in-
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volvcd (,is in ;I nnlltispecics I'oresl associalionl.

catch lyp¢ should bc r:lndmnly spaced rather than

grotlpcd sporadically in sinall cluslcl.'s within tile

site. l'his point beconlcs inlport:ii,lt whcil tile

itldividti,;il tllellil'_ci,'s of :l clai,ss :ire sli,I;l,il cotlil'tared

with pixcl dhncnsions..& poor dislributh)n could

result, hn which a few pix¢ls in a training site would

Cotlt;i,ill tWiCe ,IS til;.lliV (Or tllOre) ti,ltli_.idu,;_l[s :Is

ncighborii,l:_' pixcls, or (}i,le I,'l{" several cover types

m:lkhlg tip solltc coniposile class woiii,ld fall selec-

tively wilhiln only a Ic_v of the pixels in ;.ill array.

Implicitly. Ibis is one ei'i'_..ci of lhe mixed pixcl

problenl-discussed tm pages 83 through Sq. A

trainin,_' site of 40 typical pix¢ls for each class

will tlOrlllal[.% suffice to separate two dil'l_'rent

cktss sigilatu, res. The Optittltllll iltlmbcr depends.

on whether ;ill pixels contain a u,niform r:lndoi,n

distribu, tb.)i,1 of hldividual grotnnd fealtlres, or

some of llltl._" pixels COtit;.iitl more of one cover

lyl,e or erratically varying concentrai,tions of

several types.

Location of Sites

XYhen a l.amdsat _,ubscctle is to be cl:lssil'ied.

the location of silos will depelld primalril:. on their

oxcrall degree of homo,zei,wity with respecl to

nuunbcr, v;i,riability. ;lnd geogr,lphica[ distribution

of cl;,sses ,is well :is other factors sitch :is Clitll:l[{C

differences...\ t.Vl,iC;,I t.andsat scene in tile castcru

United States is fairly uiliform ill this respect. l']ni,s.

sti,ch a sceile is t'reqttetllI.v dOlllitlatcd by ve,zetation

(;.I Siliilillei'tii,lle color COtlll'u.'lsite appears red all

mer'l. For such conditioi,is. ,ill traini!lg sites cot,ld

be located iti, ;t smaller sectiou of the scene: lJlis

Sinlplifies the logistics of field visils alld hetlce

reduces costs. In a wcslern United Slates scene it

iS COliltllOtl 10 fhld COllSider;l['qy illore variatiotl.

+llld .-,,a \_,.i,icr-t,tli,':.I'i,ll'..t' ,tlld |tkll'C Ck)sI[\ CN.'..'tII+SiOIIN

into tile t'ichl will be i,'equircd. For installce, a

SCellt: ill Ihc ._Otllhxt,est is Cllali'alCtCl'igCtl I'lX' diverse

IqLx+siogralqlical and ecological units: low barren

lti,t:,tllllalillS ill one l'_;.ii't, high forested IllOtli,llaii,lS

in :mother part. desert valleys ¢lsev,here. itni,lSll:tl

localized geological t_'atu, res {for example, a

bat.,_llt tloxx'). ;.llld cultix':lted [;.li,ld (l'it'kl crops)

('onfhled to ,1 I_'w river courses tse¢ I:igu, rc ('-I.

..\ppen, dix (" l\)l an cx:nuplcL I:or :ill terrains the

problei,ns of _'¢ne vari:tbility generally dhninish

wllet+ sm:lU subscenes ;ire classified, since both

geolo,-'ic:ll and geographic:ll diversity tend It', ill-

crease m'er laq-er rcgknl:tl areas, hi most illStaitces.

the It)cation of sites depends nlamly un convc-

niei,lc¢ of access and ability to be picked olil ill tile

iulager.v. Sites that can, be :lssociatcd with I'catures

that ;ire Nne;ir (ro;idsL or possess reeo.,_'ilil;ible

inlet'faces with other l'catutvs (Fields). ;Ire usu, ally

bcsl.

Signature Extension

Ill light of the I'ixe Iacloi,.'s discussed previous-

ly. it is appi,opriate here tO InklkC s,.'li,ne I',rlel" ct.'llll-

[licit,is al'_Ottt the COtlCClq Of xik'llaHIrt" t'.V[t'ILY&III.

I'his Ierm rcfcrs to the alSSi,ltill'qiOll Ilia[ ,I sillb'le,

111oi,e fir leSS Ct+liSl;li,lt, spectr:i,I sigilalti,l'¢ illa.v Ice

defined :is ch, au:i,cteristic of a,ty class..llll.I that this

signatu, rc has broad tiumersal+ aplqicalqlity to any

sccuw in .i, _e,.:i..ni,. c,r even worM',vide. As a sl',e,..'ffi,:

c\anlplc, thc si_ll,itui'e for winter wheat al its

inaluralion shoilid be csseillially the saine for fiehls

Ill ihc United Slates t;ieal Plains. Argelllina. Smict

I,_us,_ia. ,ind ..\ti,sti,',ili,i pio_ided th,il stich _arki,bles

;is dtlfcrhl 7 air lilaSSCS, Stii,I positioll, soil types,

clc., arc 7OillpellS:lled for. If lhal [_l'oxcs Irtle,

llleil ,ill li,lll,,llt_.Vll le,illlrc or class in SOllle '_'i%c'li

scetle would be identified and daxsil'icd by ¢oln-

pariilg it._ spectr:il i_roperlies (for a lailds;il pixcl.
its I'otir rcpresentalive I)N v,i,hies)to ;I "d;ila b;iiik"

conlailliilg sland;i,rd v:lhics for each o1" hi;ill)'
classes. Tile closest fit of the tiilki,lOWll'S I)_ "¢;ihles

[o thost.' of SOllle t'li,le class ill the ballk is ;.iSStlillei, i

to idcntil)' it.

This ai_pmach will prcibably work well Ii.e..

will achieve all acccptalqc ,'il,'clirac'.v) I'<+r a few

coilllnOil l'ealUl't's sii,ch ;is deep, ck'ar w;ilt'r bodies.

clouds, snow. descrl .,_ind. pcrhal_S eei,llral tirbai,1

are,is or cerlain foresl lypes, and winh:r xvh¢,ll.

ih)wever, in iiiost i.'ai,ses, sigilaltir¢ exl¢i,lsioi,1 does

it,el xvt)rk well for ;I v',iricly of ieasoiis, inchiding

( I "l ;he ;i;?,ll.:ra] ;';;ri;l_,'_ilit,. ' of ll:Osl classes; i._) lhe
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"'mix problend' of tmdetermined proportions of

several fcatt, res within a class: (3) the often artifi-

cial or arbitrary way in which some spectral class

is defined (rocks are classified I namedl by mineral

content and texture" ill hand specimens, which

often bear no simple relationship to gross spectral

properties observable from space}: (4) the inl'luence

of (usually undetermined) diflZ'rences in atmo-

spheric conditions (weather and climate effects)

from place to place and on different dates: and

(5) the seasonal variability of vegetation. From

experience with Landsat data. the use of the sit-

nature extension approach has been demonstrated

as inaccurate and ineffective. "iqle now prevalent

approach is to pick out training sites from within

the scene to be classified and proceed through the

specified steps in supervised classification by using

the statistics tbr these sites from the equivalent

pixels within that scene. This is roughly analogous

to the practice developed by analytical spectro-

scopists of using "'internal standards," which in

some methods are selected from one or more of

the same chenfical elements being sought in the

arralyzed unknowns.

Strategies for Site Selection

To apply some of the ideas developed in this

section, we shall now reconstruct the sequence of

actions taken prior to actual cotuputer processing.

to set up suitable training sites for the Delaware

agricultural district whose classification has been

described on page 21q. Before pursing this. you

should try to design your own program for site

select ion.

_¢(_-S. 1)o th:s h.v outlinhz.e, from start to

J?nish. a s_'t oJ" /vasonal,h" steps that you /,*H't/ht

]idh_w. btTbre aim during Jh'hl visits, itl establish-

ing adt'qttalt' trainhlg sites.

In actual l'act, the selection of training sites

for the I)elaware classification followed several of

the custonlary steps but also deviatetl from the

normal approach. Whenever practical, ground

observations shottld be made close to the date of

the classified Lands;it scene. The classification of

the July 14. 1077 Lmdsat ovcrpasst2904-14452)

was performed on IDIMS in the fall of 1978. but

Lands:it CCT's for the 1078 growing season were

not available at that time. [Iris necessitatcd the use

of historical rather than current records of crop

pl:mtings alld. further, meant that a detailed field

check in 1078 would be of limited applicat, ility.

The first step was to build a photo base on

which to plot the field data l\_r crop identifications.

A NASA U-2 flight over the agricultural district

of 1)elaware had taken place in tile sunnner of

IO74. l']_e franle (Figure. 8-o) including Middle-

town. l)elaware and tile farmlands to the north

was selected lbr use as ground control. Next. the

1o77 subsccnc 1512 X 5i- ptxets) to be class-

tried was processed on the IDIMS system, which

yielded a geometrically corrected band 5 rendition

as hard copy fronl the Optronics recorder (Figure

0-71. A further enlargement (Figure 6-8) of the

area selected for obtaining field truth was photo-

graphed directly from the IDIMS monitor screen;

tl:is version was not corrected for aspect, and

hence tile ground patterns are distorted ("squash-

ed") ira tile north-south (vertical in Figure 6-8)

direction. Tile areas in the enlargement were then

collocated within the U-2 photo.

Tile problem at this stage was to determine

where these areas were on the grou-_d and what

had grown there in 1977. Tiffs was best accom-

plished by a visit to Delaware to gain some famil-

iarity with the setting anti to talk with local

farmers and other informants about crop history.

The visit took place on October 8 and O, 1978.

Obviously. many fields in the 1978 growing season

were ,dedicated to crops different from the pre-

vious year, and by tall harvest even the 1978

crops could not be adequately identified at many

sites. Inspection on site therefore proved helpful

mainly to locate mad intersections, lbrest copses

and other distinctive landntarks of nona_icultural

nature.

Fortunately. tile New Castle County office

of the U.S. Agricultural Stabilization and Conserva-

tion Sen'ice (ASCS) had adequate records of 1977

crops for about 60 percent (higher than normal}

of the farm fields. These records were obtained by

direct questioning and from reports t'ded by local

farmers. Also. intermediate altitude aerial photog-

raphy had been flown by the ASCS over the area

of interest in mid-Ma.v IO77. The aerial photo
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• (scale 1:400001 shown in Figure b-q was taken

just two months before the.Landsat overpass, so

that tile ""' 'h,:,,, i,;:tterns closely correspond, althou)zh

many of the crops approaching maturity by mid-

July had not significantly developed in May. The

ASCS had also recorded some of their 1077 crop

reports on i'qlotos acquired in previous years.

Figure o-I 0 is :m actual example of one such large

scale photo sent to a local l'arnler who then re-

turned it with annotated crop al:d yield data

Using all of the aerial photos and the Landsat

maps, the director of the local ASCS Office, the

New Castle County :lgricultural agent, alld the

author succeeded ill associating crop types in

thirty-two fields with their corresfJortding patterns

ill the Landsat im:lgery. This effort was hampered

by uncertainties ill correlating specific fields

between photo :uld Landsat image :rod more

importantly, ill knowing exactly which reported

crop went with which field once located. The most

common crop in 1977 was corn, lbllo'.vcd by

soybeans. Barley, alf:flf:l, wheat and hay together

constituted less than 10 percent of the crops

growing ill July. :\ serious problem ill specit3'ing

soybean sites resulted from the practice of plant-

ing two soybean crops in OIIO ye:lr. Some so.vbe.'lns

were planted early atkl harvcs*.ed by July: a second

pl,mting in June or later was ha_'ested ill tile fall.

l'his was |lot always recorded as such, thus leading

to cotlfusion 3s to the soybean distribution :uld

stage of crop maturity in luly. Some of the barren

fichls seen in the Jqly Lu'ttl_lt image may have

supported soylx'ans earlier or, in a l\,w instances,

later. Generally. data for these barren Ifallow'l

ileitis were igllota.'tl.

The final a.firicultdral classification presented

in Figure 5-37 simply combines these various crop

and field conditions into three general classes:

Corn. soybeans, and t:allow. Training site data

were insufficient to subdivide the field crops

titrther, i.e., to set up classes for barley, alfalfa,

pasture, etc. This introduces an error in classifica-

tion that could be reduced only by considerably

more field surveys or other sgurces of accurate

identification. Classification accuracy would also

have improved if scenes from several dates had

been employed: the multitemporal or crop calen-

dar approacl_, which relies on stages of maturation

t\_r each crop during the growing cycle.

_6-q: To appreciate the problem o]" hwating

training sites withhl Landsat imagt'ry..YOU shouhl

now attt'mt_t to h_eat¢ the fi'atur¢ at tilt" arrow

tips. marked I through S in I:iglm' 6-S. as tht'se

m_eht appear hi (I) tile U-2 photo, and (2) tilt"

..IS('S photo. Keep ill mind tilt" di]']'erent dates of

corerage that gire rise to di]']'en'nt hind patterns.

Stt_eest at h'ast thn'e n'asons (or factors rcspollsi-

life) .tbr these di]'fcrenct's.

=o-IO: Then. try to hwatt' in these aircra.tt

imd,:les the scene represt'lltt'd hi the coh>r photo

¢l.'ieur¢ o-I I) obtahr¢'d dttrin,4 ,:;I Oct<d, cr to +S

low altit,,h" Illisshlll ]lOWll b)" tile Enl'ironmenhll

Prater'thin .-Igt'Hcl" ¢EP..I ) .li,r chemical l,olhttion

stu,th's.

"0-I1: (an you rt'cogllizt' cither of tilt' two

oral rings (rat'itl_ tracks used oil horse farms) in

the Lalldsat rellditioll?

ACCURACY

Importance in Classification

Most intcrprctation.-oriented analyses of Llntl-

sat data have :is their goal tile identification of

specific individual grourtd t_,aturcs I¢.g., lakes,

fractures :llld faults, airports/ and/or chlssifit'ation

of land cover types. These identified or classified

categories are usually expressed on maps that show

tilt." gcographi,.,d location tdistfibUtlOnl el each

c:ltegory at any point on the l:.arth's surface and

its boundaries with respect to adjacent categories.

Two fundamental questions call be posed: Is each

catcgo_' ill a classification rt'ally present at the

points specified on the map'. _ Are tile boundaries

separating c-ltegories or cla_,_es valid :is Ic_caletl'_

Both of these arc queslions of accurafy. Accuracy

245



ORIGg"AL PAGE IS

OF POOR QUALITY

Figure 6-6. NASA U-2 high altitude red band photo (August 1974) of C&D Canalarea in Delaware-Maryland.

may be defined, in its simplest sense, as tile degree
(often. as a percentage) of correspondence between
obsera'ation and reality.

In general, the greater the accuracy of classifi-
cation, the more effectively are Landsat observa-

tions applied. Three examples will rnake this

obvious:

1. In the LACIf: pro_am tP. 2i9). estimates of

crop prod-lotion det)end in part on the

correct determination of the area (number

and sizes of fields) _ven to each crop. If
corn is incorrectly overestimated by 20 per-

cent and soybeans underestimated by 30

percent, the value to the market place of
this assessment from Landsat data may be

severely compromised. Errors of incorrect
identification and inexact boundary loca-

tions macle when using Landsat. and/or

imprecise yield (and hence improper areal
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Figure 6-7. Enlargement (512 X 512 pixels) of Landsat subscene (July 1977)around C&DCanal.

and biomass) measurements made by inde-

pendent means, seriously compromise esti-

mates of food supplies as well as of dollar

losses. These errors weaken decisions to

harvest, ship. store, or sell these crops-

decisMns that were made in good f_ith

from unverified acceptance of kandsat

results.

Fractures identified in kandsat imagery may

be considered serious hazards to nuclear

power plant sites, dams. roads, or other

engineering projects as well as to people in

population centers. Many linear features in

Landsat scenes are assumed to be natural

when, in reality, some may be cultural or

,

even processing artifacts. Unless these

fractures are properly checked out in the

field, and their existence confirmed, some

very real danger may be missed or decisions

to avoid the problem may have been un-

founded.

Public Law 208, as enforced by the Environ-

mental Protection Agency, requires a state-

ment to be filed regarding the effects of land

development (for example, building a "new

town") on nonpoint sources of water pol-
lution. Assessment of potential pollution in-

volves, among other things, know!edge of

watershed runoff conditions. In an urban

area. the nature of land cover plays an
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Figure 6-8. Further enlargement of Figure 6-7. Individual or grouped fields indicated by arrow.

important part in predicting this runoff.

Land cover maps may be produced rapidly

from kandsat data, and the percentage of

each cover type used in models relating

cover to runoff may be de_emfined from

these maps. Errors in categorization and in

mensuration v_ll lead to poor model pre-

dictions, which, in turn, may discredit the

208 statement, thus causing delays and

added costs to tile project.

Types of Errors

In i"_lllO[O sensin,, procedures, lllOSt errors

:ire generally made either in measurement or in

sampling. Pnere are many sources of error of

each WPe involved in a Landsat classification•

i-lxese may be furtiler cateporized into three

groups: II) Data acquisition errors. (2) Data
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processing errors, and (3) Scene-dependent errors.

Tile llrst group includes errors associated

with the configuratio.n of tl_e Earth's surface,
tile coqditions of viewing, tile stability of the

tqall\_rm, and senmr perl'orlllance. Sonic errors

may be reduced or compensated by Ill;.lkillg

systematic corrections _stlch as by c_:!ibrafing

detector response with on-board light sources

°

eeneratine known radiances). Others require
mathematical analysis Io determine the causes and

extent of vat.lability.

a-b-12. It wmthl be htsmt,'Nre at this ,,.oint

to list as matt)" so/trees o,j error in this group as

might occur to .t'ott. Consider all aspects of the
data gathering pr_scess, girittg special ,zttenthm to

Fi.3ure 6-9. Medium altitude aerial photo of C&D Canal area. flown in May 1977 by ASCS,
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Figure 6-10. Paper print of actual aerial photo (low altitude) used in cooperative ERRSAC-ASCS selection of field

training sites.

errors of d gc'om('tric(ll or a radiometric na,'ttre.

77;en compare your list with ;he e.vtensire, but by
;to means complete, list in tl;(" answers sec¢ion.

Many of these errors are routine!y corrected
during the iniZial processing of the raw Lands, at

data by NASA. subsequent processing at the

EROS Data Center. or later processing by the user.

The second _oup of errors results from the
methods applied ;.n converting the raw data into

some output format. Problems are frequently

cncotmtered during batch ;-roduclio:_. of phot.9
images _such as some of these in this workbook

in which the initial negative is made on an

electron beam recorder and the final image is
reproduced by conventional photo techniques

after passing through several generations of nega-
tives and Ix)sitives'). An example of this type of

error would be improper quality control of condi-
tions in the developing or printing stages; this

could lead to a nonlinear range of l'dm densities

or gray levels. Another type of error may occur if
the product is an enhanced image, a classification

map, or an alphanumeric array, generated by

manipulating the data through series of computer-
cer:tr-.,!le:i processing steps. An example of this
type of distal processing error is found in the

resampling procedures in which new pixels are
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Figure 6-11
Low altitude aerial photo, t',own in EP :, mission, showing Middletown. Dei. and environs.
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"'creatcJ" from data eontribt'ted by surrounding

pixels; the resulting ._le_v.pix,:Is may be different

in size and shape and will differ in their character-

istic digita', numbers (DN'sL
Still another processing error may develop

from gross inisrcgistration of equivalent pixels
from the different bands. When a registration

procedure i_ applied to the raw data during
geometrical correction at Goddard's IPF. the

goal is to hold the mismatch of the same rixel ill
all bands to a displacement of no more than one

pixel. Because most ground features of interest
in a scene of Landsat scale consist of several or

many pixcls of similar spectroradiances, this mis-
match introduces oMy small errors except at
boundaries with other features (Figttrc 6-12).

Under ideal conditions and with as many as 25

ground control points (GCP's) spread more or less
unilbrmly throughout a full scene, this goal can be

realized, llowever, more conunonly the number of
identifiable GCP's will be variablv less (ten oc

fifteen it'. for il:_tance, the scene is partly cloud-
covered), res-ilting in registration mismatches of

several pixels or mere (tbr example, pixel A of
one band might be displaced three pixel positions

from the equivalent pixel in tile second band when

both are superposed). In rh{s case. the potential
accuracy can be significantly compromised.

Tile subject of procc..,sing errors is broad and
will not be further treated here. You arc invited to

ferret out other such errors on your own. particu-

larly after you have absorbed the review of com-
puter processing in Appendix B.

The tilh'd group, related to the scene itself.

is probably not so much a set of errors as a mea-
sure of inherent differences between the real world.

our concept of it. and the representation of that
world ill imagery or maps. Part of the problem is
selnantic. For convenience, classes of features may

be assi_led nallleS with some intended meaning
that commonly dependson the pqrpose or objective
ill classification. Thus, we can establish a class
called "'Orchard," which connotes a land cover

type that implicitly also specifies land use. This.
however, is a subjective definition designed to con-

vey a concept, that is, a picture of fruit-bearing
trees that supply a foodstuff to people..Now, it"
tile lower rcsohition Landsat mulfi_iw_t,._l $Cali|lir

records light from a small section of the I{arth (say.
0.4 hectares of I.I acre) containing at_ple trees.

that sampled area would be represented on multi-

band photo-images by a set of regular-edged
pixels with differing shades of gray that indicate

tile brightness levels in several wavelength inter-
vals. A coincident hill resolution photograph of

the same surface (here of dimensions 79 m X 79 m

to approximate the size of one Land_t pixel)
mi_lt reveal this orchard to consist of apple and

pear trees, some scattered oaks. a few bushy

plants, spotty grass, soil, a small shed, and a
roadway. Each individual object within a 79 m 2

(pixel-equivalent) surface-be it a clod of soil,

a blade of grass, an apple, a full tree or a road-
will make a finite contribution to the spectre-

radiant energy sensed by the scanner. Tile total
intensity of reflected radiation at any wavelength
is the sum of the varying intensities characteristic

of each different object in proportion to its aggre-

gate percentage within the surface. Tllis composite
ratfiaiion is further integrated into a single (aver-

aged) value over tile wavelength interval sampled
by each MSS band. This is a manifestatit, n of the

mixed ptxel problem discussed on page 83.
However. ill a Landsat classification or on a

smaller-scale map. this complex surface would be
simplified by combinhlg-all componenls therein
into the precise class name "Orchard. "'3 If tile

orchard is large (encompassed by an array of
neighborit_g pixels), each set of pixel I)N's {for the

four bands} will probably differ som,."_hat from

other sets in the pixel array. This coi,;es from the
natural variability of components within the class

"'Orchard." The numbers, kinds, and spacing of
trees will vary. within the scene, as will roads.

buildings, ground cover, etc. This variation will be
somewhat irregular so that. lbr eacii pixel, its

ground equivalent surface will contain differiag
proportions of the featu."es present. Some pixels

may have a set of DN's that depart sufficiently
from those typical of tile class "Orchard" to be
identified with sets characteristic of other, often

unrelated, classes.

Another aspect of this disparity between a
class as defined and the real world is illustr,,_ed by

two geological examples. In the first, suppose that

31"his class illustrates the distinction het_'een the concepts of land

cover and I',nd tt¢.,.t. & pllra_ ,_uch as "terrain partly covered -y

regularly spaced trees" would de'_c'ribe a rand _._ver type. The

term "orchard" ,pecifie_ a part:cutar land use involving tlte_e

treg_
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Figure 6-12. lllis difference ima_je compales ret.listration done with 65 accurately Iocaz.'_J GCP's with a regis.

tr,|tion do_e using the |4 worsl of (he ori_jinal GCP's. Pixets assigned correctly to _he classification urban in

both data sets are shown in black, norl-urb.J,_ in gray, acid pixels assitlned incorrectly to o,_e or the other class

in tile two data sets in white because of misregistratir_n. As expected, the ditferences occur primarily along

boundaries between two classes due to shHtinq ot one data set with _espect to the other. The gray swaths pass.

ing subhorizontally through the upper hall of thtt imacle correspond to forested mountains on which little or

;_o land u_ban land uses, and hence few |)oumlaNes, occur. Numerous towns all{| developments lie ,_long the

S_Js¢luehanna River, giving1 rise to the large amount o| light-toned Lw_}rder that indicates urban and non-urban

misclassificatton. The im_.]e was qeneraled as part of a study to determine the impact of errors in Landsat data

sets on the feas_L}ility of usin_l Lamtsat dala sets as inputs to Geographic Intormati_}n Systems.
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tile Landsat MSS operates on a thick sequence of
interbedded sedimentary layers consisting of

quartz sandstones and carbonates (limestones and
dolomites). Over the wavelength range of the lbur
MSS channels, tile carbonates and sandstones

(if they arc light colored and low in iron) may, in
fact, have similar spectral responses. At kandsat

resolution, these spectrally similar but geologically

distinct rocks would show up in an image (or a
classification map) as a single unit. However, a

map made on the ground by a geologist using

conventional methods would portray this sequence
as several d.lstinguishable units defined on the basis

of different stratigraphic ages (geological forma-

tions), perhaps determined from characteristic
lbssil content. This is a property that does not

lend itself to multispectml sensing, yet is one that
properly separates truly different units.

Now, let the sensor scan another area con-

taining scattered outcrops of sedimentary arkose

(a sandstone composed of reddish feldspar and
quartz as free grains held together by cement)

and nearby exposures of igneous granite (commonly
composed of the same two minerals as interlocking

crystals). Observations in the field of the geological

s_tting of each rock type (e.g., bedding in the ark-
ose: massive stn_cture of the granites), hand speci-

men examination, or microscope analysis, can
usually separate these two significantly distinct

rock types. It is on such criteria that these rocks
are classified as genetically and historically differ-

ent, even though they appear quite similar in color,
composition, and texture. Indeed, on the basis of

these physical and mineralogical properties, the
arkose as sensed from space may be indistinguish-
able from a red granite.

Still other l:actors must be considered. Tile
MSS. as with most sensors, records radiation

emanating from only tile outermost thin (essen-
tially, micrometers in thicknessl surl\ace layer of

the ground or objects thereon. Geological units,
and sods as well. are best treated as three-dimen-

sional bodies. Soils, in particular, are defined and

identified by their subsurface profiles. Rock
bodies exposed at the Earth's surface are subject

to considerable physical and chem.;cal alteration
such that the materials examined by the scanner

,nay be quite different from the fresh rock under-
neath. Geologists gain criti&_l inlbrmation on rock

type by breaking off s||rficial layers _'o ,get -_t

characteristic bedrock: pedologists likewise pene-

trate through :he soil with augers or trenching
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tools to see tile field profile. Only then can a
geologist or soil scientist be sure of the validity -
of the field classification.

The point in the above two geological exam-
pies is this: geologists in direct contact (i.e.. on

the ground) with rock nmterials will probably
correctly classify these materials according to
criteria explicitly established to permit recog-

nition of each class (geological formation: rock
types) only when tile materials can be examined

closettl_ (sampled on-site). These materials may be

identified and separated by different criteria

when remotely sensed. The distinguishing spectral
properties tto not necessarily coincide with the

natural differences in the materials by which they
are mapped in the field. Thus, in many instances it

is difficult-at times even impossible-to classify
and hence to map these materials from remote

sensing data alone. Maps of rock units made from

field studies will not generally coincide with those

produced from classification of remotely sensed
data. Tile field maps will be tile standard o1"refer-
ence as thr as they arc based on observations and

decisions about field or specimen characteristics

that meet conventional criteria and arc of practical

use. Disparities between field and remote sensing

maps will usu',dly be reconciled by adjusting the
latter to the "'_ound truth." However, rock and

soil surl\aces examined by remote sensing devices
are often revealed to have anomalies and other

interesting features undetected in field mapping.

These may be incorporated in the field maps if
relevat:t.

The above discussions should lead you to pose
a key question: Accuracy with respect to what? It
is ahnost absurd to suggest that every individual

distinct object or entity on a surface be identified
and mapped. Tile maps we use are abstractions, or

more ri_ltly, extrapolations. We seek to record

the presence and locations of some particular
feature distributed on a surl:ace among other

features of different nature. Tile feature sought
is the signal. The others are, in a sense, noise.

Thus when a geological map is produced, tile

interpreter considers only the rocks and la_ely
ignores vegetation and soil, which often cover
more than 90 percent of the surface. Tile inter-

preter imagines what rock unit would be present

at any given point by applying geological reasoning
to predict (¢xtrapoldt,:) what is actuaily there

underneath soil. vegetation or other cover types.



Intri nsic Accuracy

|'here is anofliel, often overlooked point about

IllapS _IS Iv|'eI_I1C¢ sl:mtlards llt;.tl ¢OllCelºn:, their

h_trinsic or absohiie aCCtll.;ICy. Jlls{ :IS it 1_'II10{_2

sensing classification map must be checked by
reference to another map as the valid representa-

tion of the surface, so also does that map itself

require a separate frame of l.efemnce tn establish

its own validity. For decades-perhaps even

centuries-lll;l[)S have been constructed "+Im+thot|t

rcgal.d It+ asseSSlllell[ of thc{r inherent ;.ICCltl.;.lCy,

;lIihOtloh ill _'ccnt years '40111e responsible I1Kl|_pillg

organizations have published maps accompanied by

some qu:miitative expression of level el'confidence

or acct,nlcy. The ll.S. Geohmical Survey has ,_-

ported results of 3ll ;ICCtll.aCVasseSSlllell[of land use

and [:rod cover maps conwi[ed al 1:.2"50,000 or

I IO0,O00 scales USillg aerial lqlOlos It+ rccogni,'.e

Level I classes. 4 "this sttidy finds thai pl.edonlinanl

categories can bc IiI;,ipped {t'l meet or exceed the

,R._-percc'nt accurac'y c!lºitel.it+n ;it the t)5-1+),,'rcetH

COill+id¢llce level.
l'hus. tmc should always keep in mind when

defining accuracy I\+r at computer-assisted classifi-

Caition Ihill the st;indatl.d o( coillparison, be it:i

inill), all intcl.l+reled acri:il pholo, or "'eyeball" fiehl

ol+sen':ilions, is itself sub iect to vari:il+le, frequent ly

undclcrinined (lind possibly indclcl,minaltc) in-

iiccul.iicies. :*is :i gcncl.;il rule of lhnnib, Ihe level

of accuracy ol+iainable in ,l relttOle scnsing d:issil'i-

cation depends on such divel.'se l';tctol.s its lhe suit-

abilil)' o fll.,lining sites, tile size, shape, dislribuli(+n,

illltl l'rcquency of oCCtlrrOllce of the individual

ill't.';IS assigned to each class, tile s,,.'nsor pel.l\'_rniancc,

and especially l.csohlliOll, ;.Ind the lllelhol.ts involved

iu classii_ing (photoiiltel.pretation versus cnniputel.:

st:itistical classifier, ctc.'t, as well as Oll others

all,cad) discusscd in lilt" workbook.

Influence of Spatial Resolution. l'hc el'f c0! of hn-

proving Spailial resnlulion of ;i seilsor SVMt'lll C;.III

bring about a sul.pl.isiilg result, Inluilion and ex-

pel.icnce lot_'elhcr would lead olle to predici highcr

,iccur, icies of Cl:issific:ltion ;is tile l,esohllion bc-

4i It.'l,,Itrick [in-;. K.. 17t(' ..Iccuracl' +it Sclcch'd Idlt, l I ¢,.;t_1 laud

(;)l'i'r ll,:[,+ .;t S,'ah's ,)t I ..'.¢O,t)O0 cthd l lOa.flO0. U.S. (.K'ol.

g,fr_ .¢'irc S2 `i. 0_<) 24 Ira.

conies higher. This is not necessarilythe case
tJ.R.(,.Townshend. personalcommunication).
Studies by sev¢l.:il groups show thai the cl,lssifi-

catioil error illay decrease or increase with smaller

IFOV {increasing l.csohllinn), aild in:ly pass

through :Ill opli!ilillll V.'lltle (lowest i_¢l.centage

error), :is evident in Figure O-13A. in part, the

specific behavior of lilt ctirvc of t'rrnr versus rt'so-

hition is sceite-dependent, iu oilier words, is

strongly inllucnced by terrain or land cnvcr types.

Two opposing tl.cnds oper:lle In delcrnline the

CillWe: (I) stiitisticid vari_.lllCe Is 2 ) hi" the spectral

response vahles decreases with coarsening flower)

resolution: classificalion accuracy inlproves, and

(2) the pmportioli of mixed pixels (and degree

of mixing} increases with coarsening resolutinn:

classit'ic.'llion accuracy worsens.

In effccl, :.! lower (ponwr) wsolutinn may

aclualiy increase the classificalioil accul.acv by

slnooihing or ,iveraghlg oul int",'nal heterogeneilies

wilhin gl.ntllld classes becau,_e lhis lends Io Iolw.'l.

the V,ll.iance. Again, the result depends Oll how a

class h,i: been defined. If the objective is to cl:issil_'

Ihe bl,o,ider class orchards, a coarser resolulh)n

illay sufl_ce, btil if the ptlrl_o,,k • is Io identil_' indi-

vidtial lrees or olhel, scene t'OlllpOllelllS as classes.

high l.esnhilion is l.cqllired for high _!.'ciirae),. All-

oilier significaiit I'aclor is the ;ire:; and sh:lpe of

[and cover units and their relalion Io sp:ilial fro-

qt,,.'ncy ;ind configiiralinn ol'bOilndilries. If Ihe iinit

oF cl',lSS is so small at SOllle Iocalioii that ;i large frac-

lion of tile pixels used to define it straddle the ac-

tual boundary, then the mixed pixcl ¢flk'¢t becomes

importanl, in other words, the ckia+ at that spo[ is

rendered more "'hnpure" hy inclusion of pixels

coilt,liiling contributions froln Sllrl'Ouilding or atl-

jacenl classes. As a rub." of l|luinll, the exlenl of ,'!

localized class should be :it least three or I'oul. limes

the linear d{nlensions of a pixel if lhe boundary

of feel is Io be l.educcd. ]]illS, lhe ar_iinielit I_)r

decreasing pixel size to iinprove ;,ICCtlr;.ic.v given Oll

p, 8o and ill Figure 3-1 is a cogenl one.

One woul-I ,dso exl,ec'! ;icciil.acy In increase

b)' s,inipling dil'feix'nl parts of lhe spccll,uin, thai

is, by using nlol.e spectr,il bands lee:tied in diffcl.-

ent wavelength regions. Ilm_evel,. bolh field exp'l.i-

l'lh't" ;itl_l I'lb(lr:ll+lQ' t_',_f,_ h:!ve tlt'illt)llSll.:l!,.,tl !bai
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three to six bands in a limited spectral region (e.g..

the 0.5 to 2.5 Dim inlen'al) are suffh.'ienl Io rc:lch a

¢crlain level of accuracy, t!xamm¢ Figure o-1 31l.
l'hc'sets of eurvcs wcre eslablishcd with :m ;lirerllfl-

mounled mullichanncl s¢;mner" during aeri;,I Ilighls

ov_,,r sever:l] [ ¢IT;lill [.Vpcs. Á"we ballds ;ire ;id_.'qHa[ e

for reco.,ani/ing v:lrious I.evel II laml use classes.

;llld totlr balldS :ire eriotlgh to pill dowll agrictllltlr,ll

classes. I[owever, even more c[lallne[s ;ire Ileeded

to improve progressively ac¢l.lracy in classil_'ing

.,..tco[o,_tic,i unils. ('lveml[, :lccuracy may be improved

.'4Olllewh;l[ I'ly oper',i| ills sever;ll .',,ellsor.R over ;.I broader

r:mge of the speclrum, ;is ill Ihe V1S-NI R, rl R, and

illicrow:lve regions I,see ,,'tclivily q) or by usillg ll;ir-

rower I_;ind widths. Ilowever. the stlbslanlli;llly

increascd costs of blliltlillg :Álid flying these exlral

channels can outwei,,,h the (often nlodeSl) gains in

accul, lcy.

I'he i,,.';iSOll for the gr;idual lo abrupl Ilallteii-

in.,.Á'of the accuracy out'yes lies in the nalure of the

Sl,ecir;ll ix'sponse curves {l:igt,_'s 14. 3-5. (_-I,R.

(_-I_iB :rod 0-20B). As we learned in questions

#I-13 Io #1-21, :rod -_3-II. illereilect:mce values

for certain diverse clas._,s (e.g., vegetaliol! vc,rstls:

soil) Inay 1_." quile dillS'rent ;it some wavelengths

and similar :it olhers. Also, spectral curves for simi-
lar subclasses I,wheat versus alfalfa) may be very

much alike in shape ;ind evell ill magnitude. If flmda-

menial differences exisl, usually only a few wave-

lengths need be sampled for inlensily [o separate

C[;.iSSeS ;.Ind, ill in;lily instances, sllbclasses. COlll-

monly, the variations in one wavelenglh region for

various classes ;ire matched by similar variations in

another (but IIot every olher) region. Two bands

with similar spectral response pallcms :ire said Io

covary. The band,.; :ire therefore redund:mt, a.,._

[IleilsHreIlleIl[S llldtJe ill OIl_." are cross-correlated

with the oilier."l]leremay be only a few narrow

wavelengfll regions in which significantdifferences

occur. I Iowever, since those speciti¢ rel._ons may be

at differeill w,tvclenglhs for dit'fcrerll classes, iliore

th:lll foilr or six I_,lllds ¢;111 SOlllelillleS prodÁice

bet let sep;lraled classes ;ind hence higher a¢cunl¢y.

Accuracy Tests

We norn1:illy try to lest remole scilsiIlg

cl;Issil'Ic;ItiOll ;ICCIIRI¢_,' as;tillsÁ ;Ill existiilg Ill;Ip ;IS

the t'[';llllC Of rel'eR'llCO. I[o,,ve%er, il Ill;it ill;lt} is

conslrucled to show only a _,iil.,_'l¢ {heine {l\_rests,

or soils, or rock types), which is of[¢ll tile c,l."c,

_e aIR" COllll_;Iri,l,2 ;I Sinll_lil'ied, honlogeilized ideal-

}lilt;ell ,I.,."d[l'lS[ the COlllpliq;ih'd, helero,2ClleOlls

re;lily of the ;letll,ll stlrt';ice. |'he specific accl.lr,lcy

[I./l" Inore [o the i',oilll, ill;.ik'Cl.lracy)o_,l,es llltlch to

this difference I_elween ,I single colllpoilesll Ill_elnel

l!lal 'l and [he re;l[ world. A corR-sponden¢c between

llldp ;llld re:llilv may be improved, btl[ xCldOlll

ever fully reali_ed, by ¢Ompairing a satellite sensor-

derived ¢lassil]callion with :l high-resolution :terial

pho[o. ()uly in this way can marly of the individual

t_.alli.lres ill;ikill,.' tip ;I mulliconlponen[ {mixed) stir-

face be discerned and usually identified.

In practice, accuracy of ¢l,issil'ication l'reml

I.illldSa| d;It;I may I'_¢ lesll.'d ill font ways (all re-

quire, or bell0fit fronh stlrl':lCe ol'lserv;lliolls accep-

lane as ,_'retinal Irulhl: {]'J I:iehl checks ;.It selected

poin Is [usually nonrigorous'l, t2) I:stilil;lle of ;Igre¢-

Illell[ ['_¢1".*,,'¢¢n [ ,lndS;l[ ;llld R'i't,.'R'llCt." Ill,l[_S ÁiF

photos tusu.'fl[y _,isua[. Ilollri.,.:orousl, t3/,<,latislic;l[

analysis (rigorou.,,i, ;uld (4) Coilliision inatrix

calculalions (rigorousl,
I'hc tits; in¢ihod is ahuosl scifx, vidcnl. The

ol_sel'ver go<as lo :i I'cw accessible Iocali{ics :uld looks

¢il ihc s¢cne, conlpares ii wiih the classitication.

;llld judges whelher ;he Liild._ll rendition is ;i valid

rel_resenlalion. "Niis is slibjeclive ill lhai it assuines

lhal lhe observer niakes correct jlidglliellls. Ilow-

ever, in ;I Illilllilh¢lll.." IliaÁ!, (llliiny classes) it nl;.ly Ite

ile,,.'essary to carry out ;I point-I'_y-poinl aeL'ilrilcy

check, t\_r example, hy visiting a large numhcr of

field sial;oils Á:lid Otll ill SOIII¢ sailipliilg grid.

especially if rel\'ren¢c maps and olher ail¢illary dala

;ire StlSp¢¢l, "['llt, Iola[ iltiillber o1" grolind checks

depends in parl till lhe niillll'ter of classes bul ideally,

Io achieve :i quantitative slalilS, should I_e a mini-

ilium of Iweiliy per class for ;i i'ull Lalldsal sceil¢.

"Álie secoild iilclhod is coinnlollly perl\_rnied

by overlaying correctly regisleivd LilidSal and

rel'erello." i:l;ips. T'hc degree of ¢orrespoild¢ilCC

belween shnil;ir Iliellles, l\':liilres, classes, aild class

bOil;ida;ties is eslinlaled or ealculah.'d by an :ippro-

prialc statislica] nk'aSilre.

The third lilclhod works oil illimeric;ll v;ihies
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developcd in measuring, s;mlplhlg, or processing

d:tt_l. V;iricms st;tli._ti++.':tl doices 1.+_rtcsts :q_plk'd to

,tc,.'ur:tcy ;tsscssntent may be applied to the [+ask"

d_it_i Jnd/or the end r,.'sults. Alllon+ them" tests ,m."

mot mean .,_lu+tre. standard error, analysis of

variJnce. ¢orrel:llkm coefficients, linear or multiple

re_lx..',_,i¢Jll analysis, a,td theChi-square test I+see a,ty

st:md;ml text on st;it|sties for explmution of lhese

t,,'sts). (+)t'speci:ll cono+'m ;m" tests to deeerluh,le the.'

error in :..t'eogr:lphic:ll tspatiall location of :+lily pixel

(usu:llly, itt :t g_'ometric:llly corr,:cted, r,.'s:ltnl+h.'d

ill U.t_e').

fhc l\+tlrth tttcthod is h:st expl:lined l+.x, ;.ill

examph.'. Gmsider tit,." casu discussed on pp. 21 _) :rod

221. in which corn :rod soybe:ms near Middh.,ttm, ll,

Ik'l. were cl:lssit'ied. ]%: Lm..lsat-derived classi-

fid:iliOlt lii;.ips of these two crops, :iswell :isitthird

c,ite,:.oryof other crops ([',_Irles',xx'l,le:l[,el,..'.].

were reclified ;lnd so:lied to fit over ;ill :lel+Jill photo

ol,l whichl :l numlx'r of fields othcr ll,l;m Ihose used

;Is tr;linin:- sites hud been identified fron,l photo-

interprv[:itiol,l :irld AS('S records. "[11e lit:ip, :is :.i

trill,lip;fret,iCy, is overlaid 1.+1,1thc ;,l,,.'r'k.iIphloto ;li'l_.|

I,ixcl-l,y-l,ixel comi+:lrisons of ¢l:lss |,.lent|ties ,ire

made. 5

:\fief t;lkit_g :K r:mdont .,_mtl+le of the ehssi-

fi¢,.I pixels, :trtd with the photo +la.'_,sifieation :is the

sliliIdilr1.1, the llilitI['+¢r Of l+ixels correctly ;i_sigilt+'_.l

tO ¢;Ich cl,lsS +utd those ;tssigm'd to the" other classes

+ire :zrr:lzD+'d hi ..I COl,lfilsion m:ltrix. The I:lb]¢

derived froilt t he it,l;.it [+iN. iS :l Silil,lilt;,ir%' Of OilliSSiOIlS,

¢OIIIIlli.'L'+,I1.)I1S, ;.1111.] over:ill d:lssil'Ic:lliOlt ;ICCtir;Icies.

._[,Ippin_:I¢¢uracv for e,tcl,lc[,tssis st,lt¢d,isHie

numl+cr of ctmeclly c].lssified pixels tetlU,ll to the
total ill the ,:orrL-clly clussil_t+'d ,3r¢_1_ il,l [trill.C, ,afa[[

pixels ,ift'_+'cted by it.,+ cla_,_il_c,ltiol'l tequal to this

IoLII ill the displ,lyed ;.Ire;l ,IS well :Is the pixels

hlx'olved il,l errors of +..YHllnli.,k,;iofl ;rod otuission/.

For the ex:m,lf, lc sho_,+n, of the possible 43 Fixc!s

classed as corn from phlolohllcrpre{:lliol,l ;llld grouild

data. -+5 were similarly ¢l:_,+ificd by Landsal. Of

the ¢+3 pixels ¢l:l_,+ed :is soyl_c:ms in the aerial photo.

50 were classed :issuchl by l+and.,mt.Of the."72

forests Pixels, L;.ll,ld.',u.lt¢orr:etly recognized O0.

Look m_w :it fable t+-2.

=h-13: Ifh.r tin" the ,lislVOl£ _/¢'<'//n/¢/t'S ]br

individual classes hm'cr th,m theft of tht" on'ndl

=t_-14: I)cdm'¢ and t'xplai, wh++t is meant br

crron" o]" ¢Olltllli._'.x'iOll ,llld wnis._ion fi_r ¢or..

=6-15: Li.ff [fired .r'dnd-depend¢lll $Ot#'¢t'_"

of errors,rbr this tkBc.

Reco.,.ti+.i{ ioit oft hose errors ¢:.in |'_¢ htst rtlillent:l[

in aiding the ;malysl to improve ,:l:lssific:llion m:Jp-

pil,lg. All error o[" omission in :1 gross sense o¢¢uD;

whenever a ¢l;I.'+,,sor C;ltegOl._.' ;Ictu;llly pr,:sei1lis

not identified and is therefore left out of thle ¢lassi-

t'ication. ,X,bre commonly, the error relates to indi-

vidu:ll pixels tit;it should h;ive been identified :ls

ll,l;l[ class btlt were IlOt. AI,I erl'or of COl,l,lil,lissioi,l

results when ;i cl;l+_,; is incorrectly identified ;is other

CI3SSCS. :_ Y3l'i:lIl[ ill COIt,IIltiSSiOI1 ¢rror results frollt

improper scp:imtion of .,amlesingle ¢klss into two

or more classes. Once the_' errors :ire re¢o_ni,,ed

Isy rel'erenc.: to "ground truth," they m:ly be re-

duced by selection of new [r;ihliilg sites, renalllillg

of d;£SS¢.s, ¢Ollll'_ill:lliOII Of ¢:110_ori¢.,,, ere;lliOll of

new classes, or otllcr corrective ll,le:lsllres.Withl

e;Ich set of chl:.ln_e.',;, the cl:lssit'i¢:ltioll procedure is

rep¢:fled (iler:Hedl utltil ;l (hml lew.'l of :lccept;ibl¢

accuracy is re;ichled.

Comments

l'o sum up this sccliott o11 ;iCCllr:lcies" :_ tie:It

go;ll ill ;lily identific;itiol,l or n,l:,ippillg ctt,.l¢:.lvOr is

to ,ichieve [he highe.st ;.IC¢llr;ify :itt;Ih,l;Ibk'. l'her¢ is

Ol'tell s+,'lille illilliilltllt,l ;ico:ptal'_k" ;i¢our;.icy, which

deD.'tlds Oil Ihe uses to u,'hlich the remotely sensed

classified data :ire p,ul. "|+hlusthe ;igrot,lOll,list will opt

for :_¢cur.lcies exceeding oO percent teurrently

:lchlicv;ibl¢) for chssifying maior crop types x_hlose

se:lsonal yields arc needed i,_ world productivity

nlodels, The geologisl, hoxvever0 would not .'l¢cep[

;lccur, lcics of 50 percent (tvpic:ll values1 tbr recog-

tlition of rock units b¢C:.lll.'_k" such expensive deci-

sions :_s -where to drill" require more definite

5 l'hts is .| It,, i_othetl¢._L cxalrq_k,_ lh¢ .l¢Iu.ll cheek _,.is rLot done ill

Ihls ¢,I'¢.
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Table 6-2

Landsat Accuracy Assessment

Photo/Ground

Classes

C,)l I1

Landsat Classes

Forest Other

Total

Possible

Omissions Commissions Mapping

Accuracy"

Colr'i 25 5 10 3

Sov beans 2 50 6 5 63

Fmest 3 ,i 60 5 72

Other 2 2 2 100 106

18 7
43 -- = 42% -- = 16%

43 43

13 11
--= 21% -- = 17%
63 63

25
= 50%

25+18+7

5O
68%

504- 13÷ 11

12 18 60
-- = 17% -- = 25% 67%
72 72 60+ 12 ÷18

6 13
-- = 6% -- = 12%
106 106

100
= 84%

100+6+13

To t al 32 61 78 113 284

Overall Landsat Classification Acm,ac¥ -
25_50.60+ 100

284
= 83%

*Maplainq Accmacv (MA) lot any Class X:

OMISSIONS

ci
O
M
M
I

S
S
I

oyN
S

MA -
Pixels of X

____ *:Qr,_,ce

Plxels el X _ Pixels of X
co I reel Om Issio n

_-Pixels of Xcon,lmhltlon

Pixels ot Xom,ss,on : All other classes in X Row

Pixels el X : A!I other pixels in X Coh,mn
_"L'II i _1i11 i .%:_ i _,} II

idcntil'ication aild location. I'hcre is also a cost-

dCl_Cilth.,nl collstr:linl related to OI+IilIlUlII ;iccur, icies.

If the +osl o1" attaining a liilh aCCilrac)" by all) +ivail-

,lblc ntal+ping ntclhod is itself prohibitively high,

Ihcll ;i conlprt+llii.,4c vahlc liial may lit'it satisfy all

needs ntighl be tolerated..Many l.ands,il +l;issifi-

catioils achieve less thall Olqitntlnl aCctlr:lciCs,

bill there is el'loll lie practical alterltatix'c way to

obt,tin the desired results. I'hc classifications lhcll

bccoiltc acccpl;ibh" +is a "firsl al_ptOXilttaliOll ''

ilitlil I+cticr OliOS arc produced. This is particukirly

true for large area tregional} repetitive classifica-

tiOltS which ;ire otherwise quite expensive by con-

vention;ll ground/:iir techniques. And, finally,

currelll classit_c;itions flx')lll [lltltllll data may ilClU-

ally exceed the specific reqtiireitients for detail in

some types el" m;lps. If. for example, the output

sought is tile percentage ol'dollse t'orest cover rather

th;ni the distribution of tree species over a laq-e

rcgic, n, Land.'_ll may well serve ;is ;m adequate daita

source for liLit level of da._sil'icalicln, wherL':i._

cosily aerial iqlologral+hy would be "'merkill.'"
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SUPPORTING STUDIES

11wr¢ aa' variot,s kinds of ;mcill:lry data tk;it

prove hellfful ill interpreting Lmds:lt dat;i. Some of

these data types will bc considen-'d in tile discus-

sion of t,eogr,tphic lnt\'_nuation Systems (Activity

TI. (.)tiler types include data from di,,'er_e retuole

setising systcnls. [';.lll+.._ll_ from grotlrtd st;ItiOilS

thn-'_ugh aircraft to gcostatiollary satellites (Activity

cl'l. Some data wen." acquin-'d bel\_re analysis of

iildi,,idua[ LalldSat scelics :.lllti ;11"12docutllented or

arch;veal in many places. Much of the data nuist be

collected by the user :it later dates, or. if l\'asible.

during actual Landsal overp:l.,_ses, hi nlost instances.

the best ancillary dat:l arc those obtained :is ¢lo._-

to the overpass d;Ites :is pr;.Ictic:ll.

Aircraft Missions

Often the most villi;hie data arc obtained (ronl

sensors nlounted ell :lircr-,ift that 113"over tile _,ln-';.Is

under study, ill tile N:\:,A aircraft Slipper: progranl

in rtmlOte sensing, test sites arc specified by NASA

staff or outside investigators for dat;I acquisition

missions alotlg t+r_+detern'tined flight lines...kirborne

platt\+rms (Figure o-14A} assigned to this progr:un

currently inchide t I + :in NC130B aircnlt't operating

;it altitudes tip to 0200 Ill t30,000 l't_ and two

RB57F planes operating to Ig.500 Ill _c,0.000 ft},

(Figure O-I4B} based ill JohllSOll S[l;ide (.'giltel"

ne:lr Ilouston, Tex., t23 the NP-3A ;lirerafl ot_cr -

;little ill_ lO 7O00 nl t25,000 I'i.), flow I_asetl at

Wallops ,qhilion, Va., and (3) lwo {i.] liter;if'l,

el'let;ling ill I ti,fc)00 ill, I>ast'd :1! lilt' Alllt'S Rest'arch

('711[er 11¢;1r _,;111 |:r:ln¢is¢o. Tllere art" ;I V:lriely of

versalile SellSOrs i11 the l_:iyloads on tllt, se liter:let.

Fhcse iil¢ludc: (I) sever:ll l_iill c:uner:i s)'SlelliS

tUlctric, high resolution, niultiband'l thai produce

sin:ill- ;lid lar,,.',e-forln;l[ IqlOlogr:ll+hs by using color

iil l'rared, color, l+anchrolilatic black ;lid white, and

bl;lek-and-white infr:lred fihu- (2_ multispectr:d

scanllel's, Stleh ;is Ihe .MzS syslelll telex'en chanl:¢ls

covering 0.33 to 13.5 plll_ and the Thenlatic .Mal_per

Simulator (nine channels covering 0.45 to t2.5

,anl_; (3"i microwave sensor_, both l_:ls,,;ive (such as

radiotllelers :llltl S¢:lllerolnelers) :lilt| il¢[iv¢ raid;if

i,X, K. L bands): (4) speciail roll;leSt equil>nlt, nl nol

roulinely Ilown (such ;is a Radiation Tilt'rlllOillel¢l"

I'RT-5): :llltt I.,"4) s.vslenls illldt'r tlt'velOplllt'lll {stl¢ll

:is the Li|le:lr Arr:ly Pushbroonl Radiolneler

I I APR l • which uses ;1 t'nsllbroonl-lyl_¢ dcl¢ctorl.

leleclrOlli¢ SellSOr tl:ll:l are n-'corded Oil llluililraek

I:it_¢ recorders, l'hese d:ll:i may It' i_[:l)'L'tl back Io

I_lc)tltict • i111ages or Ili;ly Ik" n-'l'orlll:_llled [o _1¢olll-

pUl .'r ¢otiil_atible dig;l;;[ 111ode.

Ground Measuz_ements

Man)" inveslig:ili)ns require grtlillltt tl;il:l ob-

laiiled b)' field parties as._elllbled IO ot'¢ill>Y obsel_'a-

lion stations ;is lilt" L,lndsal or airer:lft overpass

occurs or, ;illernalively, a l_'wdays laicr. (Ill some

;it_lqiealiorls, ¢¢rlain l]eld studies may be under-

t:lkt'[l illlleh l;itcr if lhe se;isOll and the alillosphcric

¢ondilions ;ire siinilar.'l Anlollg tile kinds of I_eid

ol+sen':ltions that might be incort+oraled in lilt'

;lital)sis are lhose thai telld to be lr;insient or dt-
il:llnit':

I. .Meteorological conditions lair lelnl_eralnre,

wind velocity, hunlidity, ctc._

". Insolation (solar irradiancet

3. On-sit c nleasurenlellts of reflectance

a. Calibr, ition targets

b. Natural objects

4. Soil moisture

5, Water levels :stream gauge dalai

o. Snow thickness

7. Siltation in lakes ;uld rivers

S. Surface letnperatures

=el-Ill: Stdtt" thrt't" other t.rpt's of .ficl, l oh-
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Figure 6-14A. Part of NASA Earth Resour_ Air Fleet.

Figure 6-14B. The RB57 airplane in flight.
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Most of the observations must be quantita-

tive and require specialized instruments to make tile

necessary nleast_rements. One category of equip-

mcnt consists of instruments used to measure radia-

tion emanating from the groun,]. These include

the following:

1. Reflectance spectrometers and spectroradi-

ometers, which measure spectral signatures

as a continuous response or as a series of

incremeatal narrow spectrat intervals, typi-

cally in the 0.38 to 2.5 pm wavelength

region;

2. Emittance spectrometers and spectrorad_.-

ometers operating in the 8 to 14/am region;

3. Radiometers and radiance flux meters that

collect integrated energy or power in discrete

spectral intervals within the 0.3 to 15.0

pm region:

4. Radiation thermometers (Barnes PRT-5),

used to sense emitted radiation in the 8 to

14 pm region over a temperature range of

-20°C to +75°C. A second related category

consists of instrulnents designed to measure

direct, diffuse, and total solar irradiance;

these include:

a. Pyranometcrs and Pyrbcliometers (0.3

to 3.0 pm region)

b. Universal Sunshine Recorders

Some instruments in the foregoing categories

may be used for both ground radiance and solar

irradiance determinations. Radiance properties of

the atmosphere are determined directly or through

special procedures; these measurements are appli-

cable to certain atmospheric correctioqs made on

Landsat or aircraft data. Most measttrements are

calibrated with internal references (for example, a

lamp emitting at a fixed output) or with targets

placed on the ground. Several of these ground

instruments (e.g.. PRT-5) can operate effectively

on aircraft. Other observations or measurements

may be less time-dependent, for example, (1) lo-

cation of field boundaries, (2) establishment of

ground control points (forgeometrical corrections).

(2; estimates of percentage cover (class densities).

(4) determination of harvest yields, and (5)descrip-

tion of extractive sites.

#6-17: Suggest two more fiehl observations

that ma.v be made at att.v convenient tinte.

An example of a data sheet used to record

field observations is tile Ground Truth Form for

Urban Areas. reproduced as Figure 6-l 5. taken from

the previously cited publication by Joyce {1978).

Remote Field Transmitters (DCP's)

Obviously, it is difficult and costly to send

fieM parties into many diflL'rent parts of even a

single Landsat scene. Generally. only a few proxi-

mate sampling sites can be visited. It is to be hoped

that they are representative of the full scene or

tire pertinent to subscenes, Sonletimes, llowcver.

there is need to collect data from a broad area or

inaccessible sites, or over extended time periods.

With such requirements, it may be most expedient

to set up automated remote sampling sites at

which n+easurelnents :ire continuously acquired or

obtained at fixe:l intervals.

To accomplish this in the Landsat program,

a series of Data Collection Platforms (DCP's) has

been deployed by some users to transmit radio

signals t'rom the collection sit.c:: througl_ the L,tiid-

sat st_:.lcecr;.ll't as a relay station. File Data Collec-

tion System 1`DCS) is described in Appendix A.

In essence, signals from some sensors capable of

making nearby measurements :ire encoded at the

platform, sent on to Landsat (or another relay

satellite in tile system) when it passes within "qine

of sight." and then beamed to an appropriate

ground receivi:lg station for processing. Data are

u_ttally relayed continuously but the signals are

monitored only when an appropriate satellite re-

ceiver is within range.

The following arc typical examples of the

kinds of measurements carried out in the DCS

progranl: (I) air and ground temperature: wind

motions, 1,2) stream heights and velocities. 1,3) soil

moisture, (4) snow pack densities, (5) seismic

disturbances, and (b) surface tilting (on volcano

slopes'L
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GROUND TRUTH DATA FORM FOR URBAN AREAS _

Training Sample ID No.

Collected by: Date:

High Densiw Urban ( )_

Low Density Urban ( )3

If High Density Urban - Predominantly Concrete ( )

Predominantly Asphalt ( )

Predominantly Other ( )

Inert Material Complex ( ) e.g., metal roof

Comments: 4

If Low Density Urban

Main type of iv.ert Material -

Main type of vegetation -

Comments: 4

Roof tops ( )

Concrete _ )

Asphalt (

Other ( )

Grass (Lawns) ( )

Pine trees ( )

Hardwood trees ( )

Mixed pine/hardwood ( )

Mixed grass/trees ( )

An urban area training sample should be 310 m X 310 m (1000 ft X1000 ft) or larger; however, if

homogeneous areas of such dimensions cannot be located, areas of 150 m X 150 m (500 X 500 ft)

or larger (approx. a city block) are acceptable.

High Density Urban IS defined as an area essentially devoid of vegetation but with up to 10 per-

cent covered with vegetation in small scattered parcels whose largest dimension is generally less

than 31 m (100 ft).

Low Density Urban is defined as an area within which inert materials (roof tops, concrete, asphalt)

are predominant; but with up to 45 percent of the surface covered with vegetation, including over-

topping trees, occurring in small, scattered parcels with the maximum dimensions of each parcel

no greater than 62 m (200 ft).

Appropriate comments include identification of scenario, e.g.. airport runway, mdustrial complex,
downtown commercial area, etc.; height of buildings, e.g.. one or two story, thr,e to five story,

six or more stories; pitch of roofs, e.g.. flat, moderate angle, steed angle; or any other information

pertinent to measurements made with overhead remote sensors.

I=igure R-15. Standard, ..... Id truth form for urban areas, developed bv E RL.
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Figure 6-16A shows an example of a DCP

station at which hydrographical measurements are

being made within a river in the eastern United
States. A set of data on stream gauge heights and

snow-water content, sampled at one or more

discrete times each day from the continuous

reading recorders, is reproduced ira Figure 6-16B,
representing records for a similar DCP elsewhere in

the United States.

#6-18: Can you suggest still other candidates
for cont#tttotts on-site DCP measurements that

might prove useJid in evahtating Landsat data attd

in _tpporting applications? Try for at h'ast four.
Think especially in t,'nns of the .Xk,w York and

tlarrisburg scenes with which we hare been workhtg.

SENSOR DEVELOPMENT

Sensor Limitations

Laboratory and field studies in remote sensing
are frequently directed with an eye to the future as

well as the present. Invariably, existing satellites in
operation send back data that may have serious

shortcoming. Most commonly, these problems

ori_nate in the sensor system. Consider these

points:

1. The spectral intervals or bands may not have
been chosen at the best wavelengths for

certain types of observations ;

2. The bands ,ui_tt be too broad and thus in-
capable of discretely sensing some dia_ms-

tic structure (st, oh as an absorption band}

in the spectral response curve;
3. On the other band. certain bands may be

highly redundant or cross-correlated in
relation to olher bands at least for identifi-

cation of some classes; that is. variation in
spectral response of a material may be so
close in two bands that measurements in

one band would have been sufficient:

4. The inability to distinguish between fiaint

.

sisals and electronic noise (i.e.. instrument
sensitivity, measured by S/N ratio) may

impair detection of sli_lt but si_ificant
differences in target materials of related

nature (for instance, different soil types/:

Spatial resolution may be too low (poor) to

recognize individual features whose occur-
rence could prove essential to the mission

and its applications.

Other variables independent of ,'he scanner

may ,.,.greatlyinfluence the measured values of radi-
ance. Such diverse variab!e_ as nmismre content,

physic_d and chemical states of the surface (for

example, roughness, degree of alteration, or inter-
mixin-... of unustafl or extraneou_ components},

characteristics of the atmosphere, and variations in
direction (azimuth and zenith andes) of illumina-
tion and viewing, all contribute to the spectral

responses measured from any platform. The effects
of these and other variables must be understood

and corrected if reference spectral signatures are
to be derived.

"Breadboard" Systems

In order to design new instruments and test

mtprov,-d sensors Its well as to better analyze

and interpret data acquired by currently opt'rating
sensors) for future space and aircraft remote sensing

systems, various research and ,h'velopr/_.qt 17."0

grams have been sponsored by NASA and other
organizations to build and evaluate these sensors

as prototype ("breadboard") models. A sensor is

regularly checked by en_neering tests as it i3 fabri-
cated. Further tests in the field, both on tire ground

and from aircraft..may also be conducted. An excel-

lent cxami,le of this procedure is illustrated in Fig-
ure 6-14B, which shows the open instrument bay

in the underside of rite RB-57 in fli_lt. After

2(_4
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A

Figure 6-16A. Stream gauge and DCP (note antenna) measuring water height along a river in eastern
U.S.
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numerous tests in the laboratory, a prototype scar,°
ner configured to match the Multispectral Scanner
(MSS) on Landsat was flown in a series of aircraft

missions. This provided not only a test of the fimc-

tional capabilities of the scanner in one operating
mode, but also furnished some data that closely

simulated the expe_.md output from tile MSS oll
Landsat itself. Tb- upper photo in Figure 6-17A

shows the images for the four simulated Landsat

channels made from data obtained by tile proto-

type during an NP3A fliNlt on October 21, 1971,
at an altitudc of 2460 m (8,000 ft) above the Del-

marva Peninsula. Resolution in this strip (approx-

imately 8 km X 19 km [5 miles X 12 milesl) is
about I 0 m (33 ft). The photo densities of pattern3

corresponding to various ground features v, ere
measured with a reflecting micro-densitometer.

These tonal densities, adjusted to a range of 0 to

2.0 fo'r black and for white calibration surfaces

respectively, may be plotted as histograms for each

identified ground target (Figure 6-17B). Although
not quantitative, these plots constitute a crude

spectral si_maature for each feature; the histograms
are broadly comparable to similar plots made from
actual Landsat data (Figure 3-4).

#6-19: Many of ate fields have an irregular,

distarted shape or patt--11. This is t.rpical of scanner
data from aircraft flights. Can you account for this?

_.x _0" The histogram bar heights fGr hard-

woods and oM hay are cltaracteristie of v:getation
with higher refiectances m the #lfrared than the

risible. This patt'rn is rerersed for fiekls labeled
corn, soybeans, and small grains. Explain.

Laboratory Measurements

From the standpoint of interpretation, analy-

sis of aircraft and spacecraft multispectral data is
made easier by referring to standard spectral

response (si_lature) curves for the surface materials
and feature classes of interest. Curves obtoined in

the laboratory generally apply to some ,nore or less

homogeneous materials, i.e., tile spectral data are
from a sin_c "pure component." Those obtained

o_ the gTOUnd may represent sin_e components, as
'.,ensed in situ, but for larger fields of view (typically

10 m-', or 1000 s:t ft) this target is usually a
mixture of two or more similar (rock + aheration)
or dissimilar (soil + vegetation) inaterials. Labora-

tory measuren',ents ,:erve as a practical starting

point in building a reference library of spectral
si_atures. A series of such measurements on

various sedimentary rock units from Wyoming
(identified by tl/e stratigraphic formations from

which they were sampled) is plotted in Figure
6-18. These are actual tracin_ of spectral c',.rves

produced on an .V-Y recorder coupled with a Cary
00 Du',,d Beam Spectrometer. Samples are irradia-

ted with diffused li#lt (from a rhodium-plated
hemisphere that integrates over rr steradians). A

small beam of light reflected fro:n a sample

surface is collimated through a hole in the hemi-

sphere, passed through a chopper.andthen through

a double monochromator {prism and grating) that

measures variable intensities over a continuum of

spectral wavelengths, and finally on to an im-
mersed thermopile detector. The chopper Jso

sends alternating li'2-ziltbeams from a reference light
source of constant intensity into tile lnOl_ochro-

mater. The rcsultiog signals arc amplified and then

transmitted :o the X-Y recorder. The signals con-
sist of the ratio of sample reflectahce m tile light

source output, from which one may derive the
total reflectance (condsting of both specular and

diffuse components) in relative intep._ity units as
a ft;nc'.ion of wavelength for each n,,.k type. F-,-
amine these curves and refer also to Figure 1-2.

#6-21: What is the nla[or dl)j2"rence among
the various rock units in the visibh, region?

#6-22: Which rock unit shows o distinct

green color? ltow did you tell:

=6-23." ltq:er color is most likely fi_r the
Chtt t'water Fornlation? For the Tllermopolis Shah' ?

=6-24: Explaiil the absorption bands at 1.5

pro: at 1.9 pn:; at 2.3 pnl. Are these nlOSr likely
caused bv ;he atmosphere or do the.r i:ldieat_, _oo_,_,

intrinsic characteristic &'the specinlens? Gire )'our
rt'aso Ilillg.
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Multi Spectral Scanner Simuiator

ALONG IH_JTESO NORTHOF CHOPTANKRIVERBRIOGE

Figure (3-17A. Images of Choptank River farmland acquired by the MSS Simulator on Octo-

ber 21, 1971.
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Figure 6-18. Reflectance spectra of Wyoming rock-stratigraphic units•

_6-25." Describe rite main differences in tlze

spectral cttn'es ]br .lhtddy Sandstone (SST) Rough

(natural weathered specimen surface) attd Muddy

Sandstone Smooth (flat sawed fresh surface). Can

you account for the differences?

._ -.

(

Field Measurements

The effective size of the sample surface

h-radiated in the Cary 90 Spectrometer is about 9.7

cm z . More meaningful spectra may be acquired from

natural rock surfaces in the field. These surfaces

are more representative of those sensed from the

air or outer space, in that they display the variabil-

it:.' of composition, texture, alteration, and vegeta-

tive cover (such as lichens or algae) encountere.d in

the natural environment. The acquisition of

spectral si_atures in the field involves some

difficulties, the main one being the desiTa of a

li_ltwei_lt transportable system with an adeqt, ate

power source. Also, data reduction requires several

specific corrections to remove the effects of vary-

ing (I) solar an_e, (2) surface slopes, and. (3)

atnmsphcric conditions.

The Jet Propulsion Laboratory (JPL) at Pasa-

dena, Calif., operatcs a portable field reflectance

spectrometer (PFRS) that resolves these difficul-

ties. The PFRS (Figure 6-19A) consists of (1)

an optical head into which li_t from the target

passes through a circular variable filter wheel (0.45-

2.5 pro) onto cooled PbS detectors, (2) an elec-

tronics pack containing a power source, ampli-

tiers and recorder assembly, (3) a backpack frame,

and (4) a tripod. The optical head mounted on its

tripod is placed !.3 m (4.3 ft) from the target.

A 30 s _c_ is made of the target field of view (200

cm z) and a second scan is made of a standard sur-

face consisting of Fiberfax (a ceramic wool matte

with flat, well defined spectral response). Analog

signals are converted to a distal data stream. Field

268
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data are reduced after each day. Tile data are nor-

realized to the Fiberthx rel_'rence by dividingsample

radiance by reference r:ldiance, point by point, all

Caleb recorded wavele,lgtll. Variations related ta

:muospheric conditiotls, solar illunlination, :old

slope eft_,cts aw eliminated in this way.

=_-2o. Nt(eg_'sr flm'e adranta._es in ,n'qtdrittg

s/wctnz! d, zt,t itt the .lTehl.

=0-2 7: lieu' dot's tlorttrali2atiott rt'mol'{' Stttl,

air. and aSlWCt t:l.l't'cts?'

Some spectral response curves obtained l\'_r various

rocks and soils by JPL scientists at a geological site

in the western tlnited States are reproduced in

Figure t_-I _B.

_,o-2S. 171t'sc SlWCtral c11n'¢'s show ttltt¢'ll less

strtt|'turt" (l_t'aks arid tr_lughs) tlttd h'ss ,lml_litt,h'

(ilttcnsit.|') |'tzrhltiott than the lalloratorr-lm)dtwt'd

cttra'es fi)r tht' lI'.vot.'tillg rocks. I'xplaill this d(fJ't'r-

t'ltCt'.

Most spectrOtlleter systetlts :ire too large and

heavy to be carried manu:dly in the field. A com-

mo|l approach is to operatte such systems ill a truck

in which tile sensor he,ld is ttlt)tltllcd on :t moveable

lift platlbrm, or "'cherry picker,'" ,rod the power

source, electronics, and recording svslenls :ire

located elsewhere. One such cotffiguralion _l:igure

(,-20A) is used by lhe I'.'arth Resources Br:mch at

(;oddard Space Flight Ceuter to m:ast,re spectral

reflectances of agricultural ;.llld geological I\'atures

in st, pl_,Wt of a research progr;ml to establish speci-

Iicatitms for new son.,a.'_r sy:;tetllS. The (;oddard SOtl-

sor systctll Consists of (1) a Spectror;tdiometcr

Sensing Iiead, which is a telescope with a selection

of narruw to wide fields of view, nt:mUad l_lter

wheels with tell n:lrrow or broad band filters per

wheel, a chopper to partition light alternaltdy from

target ;tnd reference cards with fixed retlectivities.

and cooled PbS detectors, and L2)at Prognmlmable

Cot|trol LTnit containing associated electronics and

.1 COlltplller tlliCro|'_rocessor with software ilrL)grg.llllS

that control system ft, nctions ;ttld reduce alld dis-

platy the dalt;.l.

Data Obtalil_cd by this instmme:lt for crops

and sell at ;m agricultt,ml test site are plotted in

Figore ,a-2OB.._lso shown are :t series of "'Critical

B:mds,'" which were arbitrarily selected to be

investigated iil more delail to ascertain which W-lVe-

lengths aflbrd maximtnu separability among the

classes of interest. After tile data were analyzed, it

became evident that mine of these narrow ba,_ds

were not optima[ or even us,,-ftd, whereas other

tleW oltes (not showtl} were belier cltoices.

_6-2q: II" .volt wt'rt, th'x(k, ttJttg d two-l_,zlttt

nzdiottlt'tt'r to dctect l't'gt'hllioII dlttl r¢'tlt'ltltiOll

chattgt's, wh&'h bands wolthl .vt)tt seh't't? It'/I.l'?

._-0-.¢0: Iehh'h I_an,l might !w bcst fi)r moni-

toring soil moistttre?

#o-.¢I: Slu,cifr two I,amls yell might n'iect.

It'h.r ?

_-t_-.¢2: From tilt" ph)t ah)ne sch'ct six I,tmds

from tlw total ,_J'/t.flt'en t/;at ,zn" u't'll suited to t/is-

till',,'ttis/tiltg t_t'tWt't',t I't'gCtatiott ,arid soil (also rot'ks.

man)" of which hart' sitllilar slJt'_.tr_zl r{'spotlst'

cttrl'es).

After doing this, comp;Ire your results with tile

bands selected for tile Thematic M:wper ('I'Xl). a

sc_phislicated so:tuner destined It) be the tll,lin sell-

sot oil Land_lt-D schedttled for lat,nch in IOS2.

These b,mds are fqotted in Figure O-21 {see ,llso

Figure _)-27"1 in relation to a set of spectral re-

spotl._c ¢tnwes for _,egcldltott cxpctietlcing _C_,Cl';ll

levels of moisture stress.

=o-._.¢: If/iv art' tilt" troll._/Is (th)lt'll_'ard

peaks) at 1.4 I_m anti 1.0 lain not conshh'red for

:!a" l"tl.'

=o-.¢4. /7,'c ]i)ur srcamore h'af .sdmph's i_l

I.'_ttrt" t_-21 ,t(tfer in moisture content. It'hich g.ll

I,aml is most st'_lxitire to tilt'St' r,lridtiotls?

Data such as these frfml nunlerous field

studies o1" a v,lriely of nattlrzl[ malt:-rials were itlten-

sively :,n:d.vzed by statistical and otl;er nl:lthem:lli-

Cad nlethods (for exatllple. _.'g_'ssion a,lalysis'l It',

obtatin qt|antit,|tive estimates of detectability and

sep,m|bility. :ks ;m example, the curves in Figure

(,-2-" represent the difference m reflectance t.,q_cc-

tral ccntrastl between a sod atld ;1 vcgctattoll type

lot varying co,_ditions of teal" and soil moisture.
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Figure 6-19A,

A

The JPL portable field reflectance spectrometer in the

California desert.
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Figure 6-19B. Reflectance spectra of surficial materials taken in situ by JPL PFRS.

Materials: _t} Gray-brown tuff fragments with soil; _2} Argillized andesite fragments;

(3) Si:icified dacite; (4) Opaline tuff; (5) Tan dolomite fragments; (6) Ponderosa pine.
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Figure 6-20A.

A

The Barnes Spectrometer operating from a truck-mounted "cherry

picker."

SELECTED SPECTRA OBTAINED
WITH BARNES INSTRUMENT AND
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Figure 6-208. F;eld spectra obtained by Barnes instrument.
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Figure 6-21.

REFLE.CTAN_E OF THE UPPER SURFACE OF
A SYCAMORE LEAF AT DIFFERENT OVEN-DRY-

WEIGHT MOISTURE CONTENTS

(REF: CORSPERS, 1976)

• r I .... I .... 1 ' • 'i ' i 'I!I•..,..,L., i t I t __
I ! I_--- --.--_'- i_,, i ' ITHEMATIC

I _". _-'r'-_"---_ _, : i IlluOq .

!rb -_.... L.....,_'t--,,'.L---
II ! _ .___"- _.. 7_ -

Iit! I_...;/ '_ "','-----
// , "'-. "-

: -" _'% k -

1.0 1.5 2.0 2.5
WAV£LENGTH |MICROMETERS)

Progressive changes in spectral response curves for a sycamore
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OF pOOR QUALITY

#6-3:;. IVhicil two wavelengths appear lo

define maxinzttm separability ?

#6-36." 7",11 [mnd 2 might seem to be a better

choice than 3 but is not. Why not? (See Figure.

6-_l.r

Results such as this account for the sele=tion of

T.M bands 3 and 4. These two bands lie on either

side of the abrupt rise (steep slope) in reflectance

(related to chlorophyll absorption around 0.65 tam
and high cell structure reflectance at longer wave-

len,_,ths). Spectral reflectance, contrast is greatest in

this wavelength region.

Spectral reflectance characteristics of a class
will change lbr other reasons as well. Consider a

crop in a field. As the crop grows, both its total
biomass within the field and the percent canopy

cover will change in a systematic way. Examine
Figure 6-23 which contains spectral response
curves for alfalfa measured over the same field as

this crop proceeds through its growth cycle. A bare

field signature is represented by the zero biomass

line. Note that several distinct absorption bands

and reflectance peaks, at 1.4, 1.7, 2.2, and 2.35

/am. persist as characteristic of the soil regardless

of the amount of biomass present. As the canopy

br,.adens and thickens, the response curves show

increasing contributions from the vegetation. The

progressive increases in rel]ectances in the 0.7 to

70

6O

50

U 40

Z

U
_ 30

20'L _

4 6

1.3 ,urn intervals relate to increasing green biomass
and canopy thickness. The percent canopy cover
anJ the biomass can, in principle, be determined

from these reflectance values and, in particular,

from ratios of TM band 4 to either TM 5 or 6,

as well as TM 1,2, or 3.

#6-37." Calculate the appro.v#nate ratio of TM

band 4 to 5 and TM 4 to I for (a) :ero cover (and

biomass), (b) 50 percent cover, and (c) maximum

corer (and biomass).

A Two-band Radiometer. The above results also

led to the development of an easy-to-use hand-held
radiometer that measures reflectances in two

narrow bands closely matched to the optimal pair

(TM 3 and 4)just listed. This portable instrument
permits frequent measurements in the field over

extended (trans-seasonal) periods. Results of such

a measurement of a single winter wheat stand over

a one-hundred-da.v interval that includes most of

the growing season (from March to July; Julian

[calendar] dates 80 to 180) are shown in Figure
6-24. Data obtained from this include (!) red radi-

ance (curve A), (2) photo-infrared radiance (B).
(3) IR/red radiance ratio (C), 'and (4) normalized

difference (D). defined as ND = (IR-Red)/(IR+Red),
all as functions of Julian date, ND as a function of

crop calendar (growing degree days) (E). and ND
as a function of grain yield (F).

POTENTIAL SPECTRAL BANDS

1 i, I] 1 l I 11

_q I0 12 14 16 I_

_/AVELENG;H ,-r,H

.......................... I

Figure 6-23. Variations in spemral reflectance as functions of amounts of _een
biomass and percentc_.opy cover.
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da. •_.6-3&" Suggest a way in ,,,'hich obserrations

orer time in these two wareh'ngth regions may be

used to establish (1) the stage of growth, (2)the

crop .field. and (3) the wheat water stress.

There are. of course, inevitable problems in

relating the spectral ,ueastlrements to yield. The
absolute value of the IR/red ratio with respect to a

third variable, yield, can be conft, sed by several

factors, such as:

I. Any additive {.rather than multiplicative)

variable not removed by ratioing (the

atmosphere is one st,oh variable) will bias the
v:dt,es, often nonsystematically.

2. Different varieties of a single crop can, and

in fact ust, ally do. have different planting
dates. This rest, Its in different canopy densi-

ties. and thus difl\'rent IR/red ratio values.
for difl\'rent varieties which can have identi-

cal yiehl values.

3. The different canopy densities of the (2)
sce,_ario cannot be differentiated fronl a

healthy versus stressed situa!ion within a

single variety except by continuot,s monitor-
ing and observing the unexpected change in

the stressed crop.

Regardless of these complications, this use of

spcctrall.v ,ncasurcd temporal change can take ad-
va,ltage of the natural crop calendar (E). The

wheat, for example, displays a rapid rise in both

IR/red ratio (C) and ND (1)1 soon after the plants

(tillers) first appear. A maximum is reached around
Julian date 13q, near the time of full spike emerg-

ence. This is an estimate of the stage in growth

when the largest IR reflectance from the wheat
canopy correlates with the greatest green leaf bio-

mass. A yield function for this stage is calculated

by comparing maxinm for different training sam-
pie sites with their respective yields. This may be

quantified through use of regression plots tF). The
curves in Figure 6-24 decrease as the wheat enters

senescence prior to harvest: this relates to chlorosis
{.decrease in chlorophyll) as the wheat ripens to a

golden brown. The peaks, or troughs, around date
123 in the four curves (A-D) represent the effects
on red and IR radiances from moisture loss during

a mild drought which ended with week-long rains
between dates 124 and 130.

Field studies with this radiometer were also

undertaken to assess the influence of chan_ng the

direction (aspect) of view and view an_e at a near

constant Surt position. Typical results are plotted

in Figure 6-25. Such a plot establishes a set of
criteria from which corrections for varying aspect

and an_e can be applied. This kind of infomaation
is helpful in determining orbital parameters (such as

altitude, eccentricity, and time of day. which af-
IL.ct image characteristics, the size of field of view.

illumination an_e. and resolution/ for new space-
craft missions. At least one NASA mission (pro-

posed for the future) would carry a pointable
sensor that can look off nadir IO provide data

for features lx'yond the normal ground track

("footprint").

_'6-39: Ilqtat rariathm or distortion, for
which sttitabh" corrections must be made. wouht

such a pohttable imager etwottnter?

CLOSING REMARKS

We shall linish tiffs extended treat:nent of the

concepts of near-surlhce observations by re-

emplnsi.zing the dual nature of the remote sensing
approach. On the one hand. remote sensing is an

efficient way to gather large quantities of informa-

tion from vast areas without actually having to be
on the observed surface. On the other hand, this

information will seldom be eftZ'ctively applied un-
less the interpreter has first-hand familiarity _5th

the st'_!'ace of interest, or at least with models of

such a surface. This knowledge is acquired in
sever:d ways-from single field observations, from

judicious investigations at training sites, from
sophisticated measurements of spectral properties

of materials in the laboratory, on the ground, or

from the air. and ultimately, from a rigorous
mathematical analysis of the data to test for valid-

it.,," and correlation. Having thus constructed a
foundation m the interrelation lx.tween surface

materials and data describing them at; _cnscd froIiI
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a distance, we shall proceed in the next activity to sources through integration into
discover a powerful and flexible way to organize, information system. :..,,
retrieve, and interpret data of many kinds and , _. _-

a geographic
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Figure 6-25. Variation of I RJred radiance as function of view angle and azimuth angle.
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A CTIVITY 7

GEOGRAPHIC
INFORMATION

SYSTEMS 1

LEARNING OBJECTIVES.

• Be able to distinguish between a Geographic Information System and a Data Management system.

• llave an understandit:g of spatial data handlhzg by conventional methods versus the atttomated

approach.

• Be aware of GIS design and capabilities

• Understand the concepts and problems of data base development attd management.

• R" _.ognize how a comp,tterized GIS can model conditions in the present "'real world" to project
conditions in the fttture.

• Recognize the utility ofi,,.tegrating Landsat and other remotely sensed data into the G1S.

Ori_lnal photoa_aph_m_.be_od
fro= EI_O$ Data Cento_

Sloux Yn3.1s,, Sl_ gtT._. -' _
.-. • -'i-:_

...... _.o,._

I This activity was prepared by Mr. William J. Campbell of ERRSAC.
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YGUR DATA REQUIREMENTS

Even though you may be moving relentlessly

through this workbook, we ask you to slow your

pace of learning just long enough to ponder the fol-
lowing seven questions before starting this im-

portant activity:

1. What "kinds of data have I (the reader)

been relying on up to now in accomplish-

ing my tasks as a discipline specialist (or

manager, planner, entrepreneur, information
processor, or whatever)?

2. Do I appreciate the self-evident or deduc-

ible interrelations or conelations among
the data types?

3. How can I best organize or reference the

different data types to preserve and test
their relations?

4. What methods do I use to translate diverse

data into the coherent inlbrmation necessary

to understand my problems, make decisions.

and manage my operations?

5. Is there a better way (than I am now using)

to organize. 3tore, retrieve, rescale, analyze,
interpret, model, inventory, update, and

display the data tl:at serve as inputs to my

information requirements?

6. Hov, can Landsat fit into this scheme or

system?

7. Would any such new system really help
me do my job better, or at least, to in-

fluence others in arriving at a consensus
on decisions?

We shall attempt to reach answers to these

provocative questions as we look carefully into the

concepts embodied in the term Geographic In-
formation System, hereafter referred to as GIS. z

Before we go into details, let us look at some of
the general characteristics and the rationale for a
GIS.

LANDSAT - SUPPLIED INFORMATION

As we l_ave seen repeatedly in the preceding

activities, Landsat data can provide some very spe-
cific kinds of information. These include:

• location and identification of major crops
• distribution and identification of forests

• location and slatus of lakes (greater than

2 ,tcres)
• m:_jor categories of land use

• broad patterns of urban development
• characteristics and interrelations of ma-

jor landtbnns
• extent of snow cover
• indications of offshore sedi_ment concen-

trations

There are obviously many others.

#7-1: Think o]'at least four more hi,Ms o]'in-
formation obtainable from Landsat.

The most common form of representing Land-
sat data as processed output or information is in

some type of thematic map. This map is derived
mainly by a classification procedure tied either to

appropriate computer methodology or to manual

photointerpretation. For many uses. particular'y
those of a problem-solving nature, such a map may

be all that is required. However, more generally, a
Landsat thematic map will be just one of a series of

data sources that must be inte_ated, compared.

considered jointly, and then synzrgistically manip-
ulated to arrive at some kind of end result that

points to decisions or other actions. Let us illus-

trate this with a realistic example.

2Alsoknown as GeotmscdlnlormaUon S$'stemor ,_aturalt.tescutces
Information System.
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TYPICAL GIS TASKS

Suppose we are faced with the task. o:'select-
ing a site lbr a large steel plant in some section of
central Pennsylvania near (but not within) Harris-

burg. What do we need to know? Certainly many

thin_, some not obviGJs or seemin_y related. Let
us just brainstorm a few. without regard to any

logical order:

1. land ownership

2. topographical relief

3. proximity to railroads
4. direction of prevailing winds

5. slope stability (if mountainous)
t. extent of tbrest cover

7. access to power lines

8. bearing strength of soil

0. existing buildin_
I0. proximity to housing

I i. EPA requirements
12. cost of living.

This is l_y no menns an exhaustive list. These/'actors
or information categories constitute what is known

in GIS terminolo-'y as data elements.

--7-2. Tt3' to tltink oJ'J_l'C mort'dat,l ¢[t'tHt'tttS

that are lwrt#tettt.

--7-S." L'mtcrline any of the first tweh'e entries

that are likely to be handled or aasisted by Landsat
_bscrrati_ms.

Impl".cit in this sort of problem is a variety

of data types that fall into different categories of
concern: land cover assessment, regional planning.

engineering studies, site safety, political considera-
tions, energy needs, environmental regulations,
socioeconomic conditions, and nttmerotts others.

Clearly, the sources of data must be varied and of-

ten independent.
We can examine another somewhat different

application or activity that will expand o_. the ideas

we are cxl_loring. This time. the task is to design,

develop, and operate an efficient agricultural com-
plex dedicated to growing sugar beets in the Swa-

tara Creek Valley west of Lebanon. Pa. In this in-
3tahoe. ;" new dimension has ._'nr.ered the pi,:ttm.'.

_amel.v time. as expressed in the dynamic nature of

the processes involved in the cultivation of a crop.

Important changes take place with the seasons-
some fixed and dependable, others random and

erratic. Again, let us list a few new factors to con-

sider, in addition to some, such as land ownership,
forest cover, railroads, etc. that were mentioned in

setting up a steel mill site but that also apply to

this crop siting case:

I. _oil 1.ypes
2. seasonal rainfall

3. hisiory of crop productivity
4. soil moisture

5. distribution of existing I:arms

6. flooding potential/frequency
7. market conditions
8. cost of fertilizer

9. number of sunny days
10. frost dates

I 1. sources ofwater

12. insect infestation.

#7-4: Cml you think of art)" more? Underline

those factors that arc probably dynamic or tran-
sienL

In this example, something more is needed

To operate an enterprise prone to the vicissitudes
of climate, economics and public tastes it is neces-

sat7 to have some understanding of how the fac-
tors. as variables, interact in the continuing t,rocess

of production. Thus, what changes in fertilizing are
demanded when a farm has been dedicated to tl_e

same crop over a long period (nutrient depletion)?

How much water must be diverted during a
drought? Should some farms be reallocated to a'_o-

ther crop type in response to long-term market
fluctuations? Arc regulations imposed by federal,

state, or local governments being met or violated?
The interactions among variables can be in-

credibly complex. To control the production j)ro-

cess. it is _ecessary to lbrmulate a mode! for crop
growth that takes into account the dynamic inter-
relations and cause-effect responses of the appro-

priate factors. A model in this con;.ext establishes
the t:anctions, sequences, and feedback effects of

the de_ermL-Ang variab!es i,_.the dynamic o_ecation

of a syste/n.
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GEOGRAPHICAL ACCUEACY OF CLASSES

While you may not have noticed it, there has
been a commo_ denominator in the two examples

juror considered, which is inherent to most (but not
all) of the data types. We have been dealing with
activities of man at the surface of the Earth he in-

habits. One prominent attribute of things sttrficial

is that they have location, that is, they can be refer-

enced to some geographical locator system, as for
example longitude-latitude, township-range, dis-

tance from x, y, z. etc.
Another characteristic attribute is simply

that features, objects, or materials at the Earth's

surface may be conveniently grouped into distinct
classes, categories, unit_, or themes. These entities

are made discrete by placing boundaries around
each class, wherever it occurs, to separate it from

neighboring c!asses, and by surveying in the loca-
tions of each class on the surface by using some

lecator system. When the distribution of classes is

rescaled and depicted in a two-dimensional plot,

the result is a map-a collection of located and
identified categories or classes distribu,ed through-
out a surface continuum. Normally, no ,given class

contai:-_s ; describes all meaningful objects within

any (bounded) parcel of surface assigned to that

class. Typically, a class may be subdivided (e.g.,
water with or without sediment; field crops into

corn, alfalfa, hay, etc.). Different classes may be set

up for different combinations of objects or for
different themes. Thus, different kinds of maps

(land use vs. land cover classes; geological vs. rock
units; geographical vs. cultural features, etc.) may

be specified.

In general, similar or related classes occur dis-

continuously throughout a map, in patches or oth-

er patterns, with the boundaries of any one patch
usually irregular or polygonal. Unrelated classes

(from different hierarchies) on separate maps may

(but rarely do) coincide with the identical surface
area when overlaid. More commonly, when several

maps, each with its particular assemblage of classes,

are overlaid ,'imagine each as a transparency and all
placed on a light table), the superposed polygonal

patterns of the several classes will overlap (cross-

cut) in such a way that some may fit one another
to some degree but others show almost no geomet-

rical correlation (i.e., are randomly distributed). A

close fit usually, but not necessarily, describes
some spatial correlation which may be accidental

or may indicate some genuine relation.

INTEGRATION OF DIVERSE DATA SOURCES

The method described in the preceding p,_ra-

graph is one way in which discipLine specialists
have utilized and interpreted maps of various kinds

taken together as inputs in analyzing a problem,
arriving at a decision, or running an operation
based on a model. Sometimes, maps are actually

overlaid, or several map types are combined in a

single sheet (e.g., a topographical and a geological

map). or, more often, the user simply -.lances back

and forth among severai maps and mentally estab-
lishes connections and relations.

Ilowever, most problems or applications deal-

lag with the surface require consideration of many
sources of data input. The eye becomes confused
and the mind tends to "'bog_e" when more than

two or three maps are visually," compared simultane-

ously. Althottgh land planners and managers rely

mainly on graphic data displays-maps and draw-

ings-they must also incorporate data from other
formats, such as general descriptions, tables, sta-
tistical plots, etc. In the demanding technologies
of today, the sheer volumes of data, with the

corresponding need to keep track of and continu-

ously interrelate and update both the data and
their information outputs, soon become unman-

ageable.

Is there a solution to this surfeit? Fortunately

yes, as a consequence of the advent and general
adoption of the computer in modern techr;ology.

Almost any kind of data may be organized into

digital format. An image or picture, as we noted in

Activity 5, is an orderly array in x-y space of points
that each constitute the locus of a variable. If that

variable is an intensity function, such as a radiance
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value or percentage reflectance, it can be assigned a
number expressing that intensity (or a correlative

density). Systematic sampling of the variable in x-y
space permits a data stream in sequence to be easi-

ly recorded on a computer tape or a card series. A
map or a graphical plot may likewise be readily

digitized by assigning a unique x. ), value to t ach
selected point along lines. Even tabular data, if ap-

plicable to specific localities, may be recast in spa-
tial terms.

Thus, these varied data are all suitable as com-

ponents or inputs to an information system. When

they possess spatial singularities, they may be refer-
enced to a geographical base common to all as part

of a Geographic Information System. The usual

practice with geobased data is to reduce or enlarge

and rectify the spatial entities to one scale and pro-
jection. The geographical coordinate system select-

ed for the base is easily specified in x-y coordi-

nates. The classes or other spatial information are

entered into the data base by sampling each input
map along this uniform-scale coordinate system. In

the digitization p,ocess, tile natural, usually polyg-

onal, boundaries of a class at any one location are
outlined by a finite number ofx-y points, and rele-

vant information about the class is specified (en-

coded) by keyword descriptor terms or phrases.
Alternatively, the x-y grid (at a spacing representa-

tive of a scaled distance) will form cells (usually,
but not necessarily square), which are superim-

posed over the classes. Decision rules permit assign-
ment of the relevant information from one or more

classes that happen to fall within each cell. Once all

the map, graphic, tabular, statistical, and descrip-
tive data have been encoded and their relative

positions indexed by a polygon or grid locator sys-

tem, it now becomes an almost straightforward
routine for the computer to compare data sets,

produce new overlay combinations, assess the in-
fluence or interaction of different variables, and
provide input to models. This is the "heart" or es-

sence of the GIS approach to data management
(Figure 7-1).

DIGITAL
GRAPHIC SUMMARY

DATA DATA

USER
REQUIREMENTS

"- GIS !

DATA MANAGEMENT !

MANIPULATIVE Et •
ANALYTIC OPERATIONS y

f "\
REPORTS GRAPHICS STATISTICS

Figure 7-1. Schematic showinga generalizedGeographic Information System(GIS) for data
m3'_a_'ement.
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Who 1,', "' ""o ,-,ing GIS?

,\|,lily sl;.ll¢ and Io¢;11 govcrllllk'lllS. Iedcr;ll

:It-_.CIICk's..llld I',rW:llt" illdllsll'.V ,ll't" 110%%' 011 lilt" t;I.q

I_;llldW,II.,.Oll. " I*.)l'_,llIW;lllOII Of ddl;I prcxlot|sl_ ,l_.'-

qllilCd ,llld O'_lllillllill._ l','_ m floxv itllo ;l (_|,_ l'_lOllliS". ';.

[0 itwohll1011llC wozidwidc lhc way ill _,,,'lii,,'ll wc

store ,uld l'ctric,,e d,II,l aud ¢ou_crt the d,i[;l inlo

IICXX mt't_rlll;lli_,ll, ,lll;lly/C dyll,lZlli¢ S:_SIt'111S, ,llld

I_lt'sCtll tilt" rcslllls for dt'cl_ion Ill;Ikillg. | and pl,ln-

Ilill}', .llld Ill.lll;ll._,t'llit'lll St'L'IIIS I,,_ I't' lilt" prin¢ip;ll

drlxcr behind lilt" ,hlolqion of.I colnpUlcll.','d t;IS

,ix lilt" [Ht'l't'tl't'd, ilIosl ti,ll_lt' lllfOllll,lliOII h;llhllill_

Icchllitltlt'. I'hc plilll/ll}' illll_Ol'l;llh.'t' of lantlsal.

.llld ,llhcr l'ClllOlt" St'llSillt', S}SIcIIIS, lO t;IS is lhill

lhcx l;roxldt' l'lt'qucul qUilttltl,lll'+t" llpd,llt's for Ct-l'-

l,lilt uIIqll x,itiablt's ,.'t+ItllCClt'd wilh lhos¢ surl+,ICC

l'+,'.lllli',"+, of cI,isscs itlll+OIl,llll ,IS O.+lllpOttt'tllS tO it

IllS.

tlnc _,uch ,;IN has I,ccn much Inlbh¢l.'cd lu

rt'ct'ill xt',llS, I'hls in lilt' l}('_'t._l_m Ilil{_rtlhltl_m Ill._ -

pall' k'v_tl'm tlllliSl dcxclopcd ,It tlolld.ud ,_p,icc

Flight t'cnler Ior the liniled St,lieS t'otlgrt'ss, tilt"

I:\ccutiv¢ Ih';inch t_iYllilc Ilous¢), and the I)cpari-

InClll o1' I'OiilliWrt't' (Ihircau of the t'_'i'+._,usl, lilfor-

Inalloli may bt" displayed Oil _1 |'V ,'_i.'rt't'll or ;IS hard

cop)' pl¢lUlvS at _¢;llcs riiilgiilg froill the cnlir¢

I.!nilcd ,Rl:il0s dowil Io ¢olinl)" k,vcls or Sl;indal'd

,\lCll'Ol_olihul Sl;llisli¢;il Areas IS;%ISAi Iscc 1_.232i.
I'wclltv-I]ve hi,riot cal¢_ori¢s iil¢ludt,: pOl_ulalion.

labor force, inconle, hou._in I ullils, i_Ix'._idcnli.il

vole. rclail Ir:ide. agri_-iilllirt'; t';IL'II t'alt'lor)' is fur-

Ihcr subdivided into a,+, nr.ln)' a,,l Iwenl)'-I]vt" ,_iib-

c,ilcgories. I'\:ililples of xcvt'ral OillpIiI diSl+lalySare

l'.il't'll ill I:igtll'C 7-]...Ill pl%'._¢lll. I)II)S ihic._ IlOl list'

I'ClilOl¢ scii._lil_ d',il;I, bill I aild.++al ¢la,_ific,llion._

COilld IK' ,ICCCplCd.

¥Oli shouhl by ilOXV liar+' all ideal O1" llll:ll Ills

is ,Uid _lial II Caii dtl. Ill lilt" it'lll;lilldCr of Ibis a¢-

hviI.v xv¢ shall go hilo SOlll¢ delail aboul tile sys-

I¢iil and shaill c\ploiv Ihit+ugh cxanllq¢,_ lilt" it, ll'

of I ,ilid+'+,ll ,is .i lil',lior ¢onll,ont'nl in a t IIS.

I)IS'I'INt"I'It)N BETWI,,I,N C, IS AND A DA I :\

M A N AG E Mb" NT SYSTE M

.\ I+.ll.I \l;itl.l.e, cnlcnl N\slt'nl is ,I s¢l of pro-

tti,ililn lined Ioi lhc nl.inll_ul.llioil ,ind iCltlCX,l| of

lo!:ic,lll\ iCl.llCd i ilcs coill,ltlllllg d.il,i .uld >lru¢lur:il

illlOt Ili,lllOll. II ,lllm% s ,lll.ik si_ Io I_t' ii+cd ill soiltc

dotty+ion ill.lkill.i; pIOO.'ss. :\ t_|_ IS .1 ItCOi'clt'lt'tli'Cd

_,)_+lCill IOl Ihc ,,q_t't'llk'Jlioil, ,iCqlll+_;lIOil. +_lOlii.'+tC.

ICliic+..il. .ind ni,inipul.ilion o1" d,lla, I'hcnc d.il,i

lit.i++ bcit, l.ilcd Io ,i pl.k'c; lh.iI is, lilt" d,il,i clcmcnls

Ililk Ihc d.il,i Io .i Ioc.ilioil idClllil'icr, x_hclC,is .i

II.ll.i \|,ill,lgcnlcnl 5\',if'ill do,L,+ nol rt',itiiic Ihc

]ol'.ll illn di,q illClion.

:: ".4 Ih'nti_ln _tlt" ,l, it,i l'h'ttil'ttl rcLm'd t,_

wdtFr ,,'ll.s;HH[ltl',lll ll'itI,_ llt C+h+h ditttt'#l.xl_lll I,%l'd-

thil. tl'Dtplir, ll. tht'tthltit') thd! is dtillrl}tiirt, ltl' .t;Ir ,i

I ;IN I;;vc ,Iti e xa.ll,h" ,_t" .l I ;IS th,it c_ rot, lifts d, it,i

ch'.tctits uI all ,ti.lcnsi_ns I.Wathd. tC.tl_md.

t/tt'tthittt'). I )i.l:tl'rt'tt thitt" it .tk'(,m ,i t', _tttt_tlrdl_h" ,Lira

#',t.','t" f.,;h_nl' IhlW tlli.%" ._',l/tll" Dt.tlltttilltillll _'_liil, l I_l"

, Ir_,ltli:c',l m ,1 ,AIt, l l',l._" lit,it ll',l._; Ill it ,l 171.%'J.

i
% I,l_.l,I ilOll it'_hlIwal ll'_tl.'_', ot Ills t_ pt¢l¢llt¢d bl I' .%. I¢_*ai

,lllil I .i+i (',llIOII, I t +'l+'l.llJlill'l t;lil,]t II I _lllllI/lll i_l!'_lllll"t'l'l Ill/ll# "-

"l*ai+h_#l ,'l'l'_l+{'l_lI, ,ilall,lbl¢ ilt_lll _,lllOil,II t'llllli'll'lli_t " _li 5t.lt¢

I ¢_l+l.ilUl¢% 1123 N¢lt'iil¢i'iilh 5'lil'_'l, Siill¢ I*_iil I, II¢lllt'l, t'OIo.
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ORIGINAL ImAGE

COLOR pHOTOGRAPH

Figure 7-2. Some typical graphic displays on the screen of the Decision Information Display System.
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System Design and Capabilities

The system design ,rod I]exibilily are directly

linked to cost. The higher the degree of flexibility

and independence, and the greater tile size of tile

data base, tile more it will cost. Tile system design

shouhl address geocoding, inlml !,recessing, data

IIl:ln:lgOlllellt, manipulative and analytical owra-

lions and statistical alld graphic output !Figure
,i7-.,L

Hardware

I_ecaus¢ we ;ire considering a compllter-aided

GI_,, we should mention some of tile special hard-

wzlre iteeded for input, display ;Itld Otl,*pll! of

graphic data. An intera,'tive display is certainly a

requirement for tile 1080"s. The CRT is usually

acconlpanied b\' a keyboard terminal that will

inler;lcl with ;i "'llosl" COlllplller or have its OWll

'+local" inlclligence. Display and h:lrdcopy On!lint

may take ;t variety of I'orlllS. sollle of which are:

I. plotters or drafting table this will draw

Ill;l[_S, charts, graphs, etc

2. line printer this can draw maps or dis-

plays alld is available ill alph;.lllllllleric or

electrostatic t'orrlat; overprint or dot matrix

capability is also available

3. ras!er scanning device

4. ink jet plotter

5. color fihn recorder-some of these prod-

ucts will be illustrated la!er

o. ('RI" -lhis h:3s ;llrcady been tlisctlss¢ti ,lbove.

These devices have a wide raage of cost arid sophis-

tication, rite optimal comic!nation of equipnwnt

should be carefully reviewed. The description

of other hardware COlllpOIlelllS, such as arr.lypro-

cessors, een!ral processing imits, disk drives or tape

drives, is beyond the SCOl'_: of [his activily.

Geocoding-Developing the Data Base

It is not our l,Url,Or:e in this activity to dis-

cuss all tile particulars o1" d;l!;.l base tlev¢lol'Hlle!q

bill r;llher 1o pres¢|ll a SIllnlllill_.' Of the available

teClltlitlllCS, l:or a d¢lzliled description see. for

CXalllpl¢. I'otnlillSO|l ;|rid Calkins LI077). "_

l'_vo m,ml points should bc coasidcrcd: l'irsl,

tl'tc backgroutld of tile data to b,.."encoded ISll,,.'h ;IS

cartogrzlphic'l ;llld s¢colld, ally slzllislic;ll or olher

:i((rlbtlteS:l|[;Idhod [O tile da!.l, such ;.ISSl['¢;.llll I'h.'lW.

area illeasur¢lllents, or soil credibility index. I!n-

cod!lie of g¢o-roferellced tlzl[;I Ili;13" b¢ ;ICCOlllplish-

cd manually, for example by pholoiftterprclaliOll

o1" ;icri;ll i'qlolOgl'aphs, or ,llllOlnilliC;lll.v frOlll COlll-

pulcr cl;|ssific;itioll of l.andsat data.

]'he Grid Fonnat. l'he first choice the user nmst

Illake is Ihe forlllat of each spati,fl layer: grid for-

lllal, polygon or boll,. :\ unifornl grid system is a

relatively xll!ll'q¢ x_.;I.'.,' {O org;mize dat;i in r¢l;ition

4 l'omhnson+R.F. and I1.%. t'.dkiu_, t'¢ogralqn," Intt_rmdtton Svs'.

rcms. .llcth,_ts. dnd F'4ml,ment fi_r I.md I xe t'ldmml.¢, IO7".

t,, coml,utcri:cd data input. Oacc the dat.l ale ,:of

letted they tn,ty be overlaid on a specific grid size

and the collected data coded into each grid cell.

I'hc ill|'OrlllatiOI1 is coded tlUllleri¢:llly, row by ro',_,.

alld digilized Ohio computer cards I,b;|lch i'_rocex,_-

ins), allcrna|cly may be en[crcd ;llld display cd on a

c-lthode ray tube tCI,tr, interactive processmgL or

C:lll be input lhrough ;Ill optical scannitlg device or

by using :t digitizing !able.

With the grid syslenl an itnport:_n[ decision

nmst be reached: What will the resolution size Ix":

in other words, what will be the size of each unit

in which !he spatial dala will be hotlsed? (For

exanlple: one grid cell --- 12 acres.) A disadvantage

of the grid is that if any smaller grid size is required

after the d;.i{:l h;|ve beell collected for a grid of

.t particular size. the data must usually be rr-

collec!ed; however, it is relatively easy to aggregate

ceils to a larger grid cell size.

A se¢olld ¢OlIsideratioll with tile grid systenl

is grid coding lvp(::, l'his elite, ling t':)_ !',ccox:_:."
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OR;GI?_AL FA_'-" I_

OF POOR QUALITY

GIS DATA HANDLING APPROACH

LAND USE

NATURAL

RESOURCE

GRID

_ STORAGE ) _
RETRIEVAL

DATA,NPU,.
MANUAL-AUTOMATED

!
ENCODING

PROCEDURE

I
OR BOTH

1

SATELLITE-_

DERIVED J

POLITICAJ..'_

SOCIAL//

ECONOMICJ

POLYGON -)

(_o--,._ | IF-' _..

f -'_ /_,o,,,,,,_,\ fCOMBINE,'X

DATA "_ / _ / -_- / ANALYSIS

EPENDENCE- _ _ // "_ MEASUREMENTS.,o,.oA._,, y \ -_VER_YAN.*s )
"_ J "__ MODELING /

OUTPUT
PRODUCTS

Figure 7-3. Flow diagram of steps in a typical GIS data handling routine.
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quite conWlex. The shnlflcst method can bc :l nom-

hlal code. either nunlcrieal or alphabetic. This

permits retrieval of lllat ilk', but does not gb,'¢ ¢.,i-

:tel locations of dala withi,I 111¢cell, ,uld tllercl\_re

some geogr:lPIligal accur:lcy is lost. Obviously, ac-

¢ortlhlg to our definition of :i GIS. it is t_r¢l'er:lbh:

It+ hilve illOrc detailillld il¢¢lh"ilC.V.

Inherent illgrid svstcnls is the lack of ptecisc

coHl'orlilityIt}l_olilic;llor ll;IlUr;llbOUllditries.Be-

cause of lht'seinhert'lltimprccisions a grid systt.'En

c;Innot cxm.'tly dtWlieate tilt,, rclatitms of Politi¢;ll

or natur:ll boundaries. I lowever. :l sm:lller._rid Size

(e.g., I0 Inl would minimize this problem.

= _-n. I,h',tiI)' t/h" ??h?/'or politi,'_d mM natltr, d

]_olm_Llri_'.s imt_c)rt, lllt ill _l (;IS. ]lOW WOttltl .V()II t'/l-

codc th:',l itltc) ,t grid s.vstt'm? (',in .VOlt thi, k of

IHI)I'C thJIl OIIt' W_lV_ _ ll(_l' l?hlllV IIIll[llallv ('.X't'hlSil'c'

]_lrOTS nuts! bt" dt'l'c'h )pt'd ill .Vc)lir ddld #dSt'_'

1"o gcner:di/e, the problenl can be stated in

It'FlllS Of loci|lion ;lilt[ conlposition. For ex:.llnl+le,

New York State's grid system, LUNR, an :lcronym

for l.;md List,, and Natural Resource Inform:ilion

,S.vsit,,nl, is based OIl tile lee,Ilion gener:lliz;ltion.

I:,lch grid cell size is I kilt:. Let us ex:nninc an ,Igli-

cultural coding examlqe. It could be slated that a

given cell cotlt:lills both corll ;llld soyl_e;.lns, coFiI

occupying 35 percent of lh,lt cell and soybeilns

OCCl.I|'_)lllg the i'elIKlilllllg 05 I_el'cellt. Ihclelole,

the cell will be codetl by percentage of cell occur-

tenet. }lowcver. the Ioc;lliOll distributions within

lhai cell c:mnot be recorded, thus resulting in a loss

el" geogr:tphic,d ;icqllr;.icv. If :IIIarea is honlog¢ncol|S

(for ex:lmple. ,I l\_resD, a degree of gener:llizalion is

,k:cel_ial'_le. I f. how,,.'vt.'r, ;.Ill tlr|'_;lll :II'L'il, which has ,i

diversified I;indsc:ll_e is considered then generaliza-

tion can gre'atl.v rethlce the s.vstem's utility.

l'lle grid cell ¢onfigunltion ,llso loses zl cert,fin

degree of ;ICCllI'ilCV bV gcnel'alizil_g tilecomposilion

of certain types el dat,_, l'his may be illuslr,lted,

for exilllll:le. _,vhcll CllCoding :1 soils Ill;|I'L Llnder

llillllr:ll conditions, soil I._I"L'S CAll chilllge dl';llll;I-

tically in a ,,'cry shot! distance. If three or more

soils are found in. for example, the LI, INR squ,lre

kilonleter grid cell, del'illiiion o( tile colnposi-

lion I'_¢colnes dift'icult. %hell i_roblenls of tills

nilttlre ;irise, el+lions such /is m tilt, l\+lloxviitg

c',,:mllqCS o( ellfOt.lillg Ille|hods Are :lvililitbl¢:

i, l'h¢ dotuinattt soil t.'.l,e xsithin lilt + grid

cell can be eucodcd; i.e.. the encoded

soil type occupies the largest anlount of

l;ind in that ¢c11.

The percentage of each soil type within

the grid cell can be encoded. A high degree

Of detail can be achieved with this method.

but it! ;Ill itlcrt'itse in ¢osI.

3. "File presence or ;ibscnce of each soil within

the cell can be encoded.

.4. The soil type found at the ccntrokl of

the cell Cam be en¢otlcd to rcprescnt the

v,lhw (or the entire ¢c11.

='-7: 771cr¢ an" ,zt lcast ]bur m,',cr methods

thdl ('_lll b_" tls¢'d !l) ('tll'(ldt" grid thzhl: ('till y(lll dt'-

scribt' tilt'm?

Points, Lint_,', lind Polygons. A second approach to

geocoding is point or lille ¢onl'igur, ition, which rep-

resents spati:d data such ;is ;in interseclion of two

highw,tys or the confluence of two rivers. A pol.v-

!Oil m;.iv be considered ;IS till exicllsioll or vilri;lliOll

of ,I line. Polygons ,ire used to describe the bound-

;.Iry of ;In are;I, ;llld ;llso enable oue !o enler, store

,lnd rctric_.c real ticld .sh,llW,S and gcogr,lphic,|l poli-

tical bound:rues. I-nlitle.,, in the real world are lhus

IllOl'e ;lccurately rel_."esented with a polygon than

with a grid. Ilowever. with polygon data. ot2.z:miza-

lion. encoding, slora,.zc, manipul;llioll lind retrieval

b¢COllle lllOFe tillle-,COllSllllliqg, comlqex illld ex-

pensive than with grid d;ll:l. "l_le optitn,ll sySlelll

would be olle that could display both polygon ;.llld

grid. lille COllver[ frolll Olle IO allolher.

To sununatizc, points, lines and grids are fair-

l.v sinlpIc io encode and manipulate, but geogra-

phical accuracy is reduced. Polygorls minimize in-

fornlation loss but require more lime, tnollcy, ;llltl

systelll II|il I'l;lge ii_en I,

="S." SUl'lTOSt" tltat tkc O.tficc _)1 _z.v,tth)tt

]t_l.s"_tsk cd t'_)tl h _ dt'rt'h )l_ d (;IS sh_ _will'," I_rc)pc'r})"

owttcrshilL _lSS¢'Sst'd I'_lhtt'. Z()llill,_. /dthl list" (cttrr,'nt

_tttN preriotts ]bur vt'dr,_) _llld r('c¢it;t OJ'hl,\'c,s (cttr-

re'tit .l't'dr. l_hls [_lst dtlt'. (t',Zlll'). I$'otthl .VOlt i']lOOSt"

tt .k'rid .[i,rnktt. pu_v.t:utt fi_rmat or nlrvt.d. _ 1171)..'
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Input Processing

..... :-:= [3

OF POOR QUALITY

We have discussed a variety of encoding meth-

ods, but not how tile int\'muation is transfornv'd

into a digital l\)nuat; this is ,:ailed digitization. The

actu:fl digitization is accomplished by using a digi-

tizing tab!vt or table (Figure 7-4/. Most tables have

electrical wires benc;,th a,1 opaque glass surface

upon which dzlla (such as :l lll:lp) arc placed. :kn

arm or cursor is used to rci_'rcncc the data to the

COIl! ['_ll [er.

The operator or analyst locates tile specific

point, line or polygon and presses a mmwrical key

(system dcpcmh.'t:t) to record that segment o1" data

into the computer. I)¢pcndhlg on the system soft-

ware. the following are usually required: a partic-

ular identification for each data element (points,

lines, ctc.I, the geographical data associated with

the system (census tracts, watershed, etc.), and any

analyst input specifications such as map size, pro-

jection, symbols used or other data that arc neces-

sary for ntap output display.

Data may also be entered by raster scanning

or photo cell head methods that trace lines and

rel\'rence tile d;ita autontatically. It should be Clll-

phasized that the data input process is crucial to

output accttracy.

\

\

Figure 7-4. Use of X-Y digitizer to select data points from a topographic map.

Data Base Management

Now that we have the data in an acccptabh:

l'ornl,lt and have inptlt these data into the ¢Olll-

puler, what h:wpens ,ow': If you think about it.

5,01lie questio!ts would be: how do we locate :t spe-

cific piece Of inl\wmation, store tl_is [nlonnation.

rcrou'e or buikl work files, convert Ikwmats (if

nccd,'d), or actuall.v spccil) how inllCh information

tile svsletn Call hold':

I);It,l b,|_C I_i;lll;tP, Clllt.'llt _llO_]t_ ,lddlt.'>._ tilt." ill-

tcrrelation bet_ccn data sets, minimize d:|ta redun-

d;.lllCy, ;llld allo_ Ii_r easy, r:wid data retrieval.

Matlagcnlcllt o[" the data base shouhJ be given as

Illllch COllSidcr;.lliOn as ;lily of the other elements

already mentioned, l'he proper organization of the

file structtlrcs ,lllows for case of data access and up-

dating, ,,vllich obviously lnakcs tI:e entire use of tile

(;IS mow t.'fficicnt.
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Software Data Manipulation/Analytical Operation

The GIS software is the heart of the system.

The appropriate software shot, ld be considered be-
fore any special hardware is purchased. It is the
software that determines the activity and utility of

a system within the constraints of the hardware

system. However, a well-designed hard-wired system
will be faster and more efficient than a program-

mable processor using software. In our brief discus-
sion of tile difference between a data managetnc,lt

system and GIS, we said that beyond input and

output, we need spatial answers to resource man-
agement questions. Fhere are a wide variety of data
manipulation capabilities on the market, and the

list is growing every day. ttowever, in general there

are a few computer-aided operations that will be
add ressed:

I. scaling or rotation of reference coordi-
nates for "best tiC' projection overlays

and changes
2. conversion from polygon to grid-already

mentioned

3. rapid update-ability to change or add data
values with relat;.ve ease

4. projection accuracy assessment
5. multiple user environment

6. multiple interactions between compatible
data bases

7. data independence and nonredundancy.

Now t'or the analytical operations. In order to
have a GIS accommodate multiple users, the

system desigm should be flexible enough to accept
a variety of types that can be analyzed with one

common operating procedure. Optimally the

system should:

l. retcie_ ope or more data elements from a

data 2'.

2. transfow. , t _.nipulate the values in the
data element retrieved:

3. transform, manipulate, or combine all
data elements retrieved;

4. store the new data elements created by

an analysis in the data lfle:

5. search, identify and route a variety of
different data items and score these val-

ues with assigned weighted values (for

example, search for optimal highway rout-

ing)-this capability is highly desirable and
corn plex;

6. perle.tin statistical analysis, such as mul-

tivariate regression, correlations, etc.;
7. measure area, distance, and compare these

data;

8. overlay one file variable onto another, for
example, census tract data ocer a land

use map;
9. be capable of modeling and simulation, i.e.,

developing scenerios (_enerally in map form)
to predict a future event; this is perhaps the
forte of a G1S. These scenarios should be

developed with direct interaction from the

user group. This interaction provides for

gr,'"ter acceptance by the overall community

affected by these decisions. The Delphi

technique is one such appr:_ach.

In summary, development of a GIS is a costly,

complex, somewhat frustrating experience for the
newly arrived. Perhaps it should be stressed that

data base design and encoding are major tasks that

require time, skilled personnel and available ftmds.
However, once developed, the information possibil-
ities are exciting, and the marginal costs of han-
dling all the various data are low.

#7-9: Itow wouM you design a study to de-

termhle what capabilities your organization needs
in a GIS attd what types of inJbrmation shottM be

included hz it? tChat )'actors wotdd you suggest

they consider? (Reread the last section).
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LANDSAT DATA AND GIS

It has become obvious to many researchers.
planners, and others, that the incorporation of

kandsat digital data into a di#tal spatial informa-

tion data base could be a fairly straightforward
operation (assuming a prior knowledge of Landsat

data processing). Data from Landsat and other
sources can be combined to produce data elements,

which are further convolved to produce interpreta-

tion maps that then become a viable part of

environmental resource planning and modeling
IFigure 7-5). Operational use of a Landsat/GIS

interface incorporates machine data processing.
modeling and natural resource assessment. (So that
there is no confusion, we are referring to Landsat

computer compatible tapes that have undergone

some prcprocessmg.)

#7-I0: What preprocessing has been per-

formed on the Landsat tapes? Why is that impor-
tant?

For this activity _e shall assume that federal,
state or private concerns intend to use Landsat

digital data in an operational resource system. (The

cost of developing the appropriate algorithms to

input Landsat data would not be justified for a

"one shot" experiment.) A second option is to
time-share a system on a remote access computer.

In this instance you only pay for what yot_ use and

have no control or responsibility for algorithm
development. A third option is to load, compile,

and store programs in executable form, paying a

fee for maintenance of the program library and
data files.

DATA
SOURCE

DATA
ELEMENT

DATA
INTERPRETATION

LANDSAT _

U.S.G.S.

LANDSAT

SOIL CONS SERVICE

LANDSAT

AERIAL PHOTOS TIMBER

___VOLUME
FIELD SURVEY

DEPT. OF COMMERCE

LANDSAT

SOILS

EROSION
POTENTIAL

INDEX

GRAZING
POTENTIAL

Figure 7-5. Integration of Landsatdata with other sourcesto derive data elements input to a GIS interpretation model.

289



OncetheLandsatdistal datahavebeengeo-
correctedor reformatted, they must be re_stered

to the other files to ensure that one geo-refcrenced

file matches or overlays another file. One last tech-
nical problem is to aggregate (if necessary) the 0.44

hectare (1.1 acre) Landsat (nonresampled) pixel
size to the spatial resolution s!ze of tile other files.

For example, let us assume that our data base is

composed of 8 hectare (20 acre) grid cells. Aggre-

gation would require approximately 18 Landsat
pixels to "best fit" tile other data. It must be

realized that some geogaphical accuracy with re-

gard to Landsat data would be lost.

O,lce the data have been placed into the GIS.
the other coded files form thematic files in the

data base; these may be analyzed in conjunction

with kandsat data to perform spatial and statistical
modeling and analysis. With proper re_stration

and aggregation, annual or monthly updating with
new data would be feasible. The Universal Trans-

verse Mercator mapping system can be planned to
minimize cost and geometric losses as well.

The ERRSAC-ESRI Geographic Information System

The ERRSAC mission is to transfer to the

public the capability el" using remotely sensed data.

specifically Landsat data. ERRSAC recognized the
need to demonstrate, train and perlbrm pilot

projects with a GIS as a "driver" for the technology
transfer mission. Such a system carl aid in Landsat

classification, assess the potential and accuracy of

Landsat data analysis, and complete the overall

data requirements for successful resource manage-
ment decisions. A survey of available geographic

information systems was conducted, and from this

survey the Environmental Systems Research Insti-

tute (ESRI) software was chosen. It. is discussed

1,,ere as an example of how a GIS can provide the

anaiyticai tools needed for resource management.
The software contains fllree major subsystems:
PIOS, AUTOMAP/GRIPS, and GRID. These sub-

systems are.desired to work independently or in
combination. The follo_ving summaries of tile sub-
system pro_ams are taken from tile ESRI litera-
ture.

Polygon Information Overlay System (PIOS)

Briefly, This software subsystem was designed
to deal with polygon data. that is, to encode, cor-
rect, analyze and receive input referenced to x, y
coordinates. There are twenty-one basic PIOS

pro_ams that utilize the system capabilities. Some
of these pro_am capabilities convert di#tized d,_ta

to the appropriate PIOS format to merge files, edit
coordinates, and manipulate coordinates for poly-

gons that completely surround other polygons. The
PIOS subsystem can edso calculate area, centroid,
or minimum and maximum coordinates for any

#yen polygon overlay. The polygon modeling sub-
system allows geographical variables tsoils, land

cover, etc.) to be compared with other polygons

containing the same information. File element

ranking, such as additive or multipficative weight-
ing, can be upplied to allow forcomplex and unique

spatial analysis. For exampl,', let us assume that a

cot:nty plar_ner nteds to locate a solid waste dis-

posal site within the data base area. The composite

weighted polygon, whe,a properly "massaged," call
provide t_ae optimum site. The soft\_are can also

perform route evaluation by locating the ,ptimal
route as it crosses various data fifes (water. forest,

urban, etc.) and chart the least impact or the most
desirable route. Power utilities require this type of
analysis.

#7-11." What other factors shot_M the plamwr
consMer? tIow shouM they ke weighted?
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AUTOMAP/GRIPS

The GRIPS software is designed to convert

polygon data into a format that can be used in the

GRID software system. The AUTOMAP program is
used to scale map range, map size and map symbols.

This program produces three types of maps. The
first, chloropleth, generates color-coded displays
of quautitative or qualitative geographical data in

the polygon mode (population district, tax zones,
etc.). Contolti mapphlg uses a two-dimensional

drawing symbolizing a three-dimensional surface

such as topographical elevations. The third type of

map is built from proximal or discontinuous data

by using a single point to represent an areal unit.
13asically, the computer searches an area around a

given grid on a printer map until it finds the closest
coordinate and assumes the grid value to be associ-
ated with the closest coordinate. The method

provides a general pattern of data but does not

contain the accuracy properties of the other map

displays.

GRID

Tile GRID subsystem cousists of nineteen

programs for the input, storage, manipulation,
analysis and output of spatial data in a grid format.
The programs can be executed separately or in

combination by persons with little programming

experience. The data can be retained as a single file
or can form a multivariable file. The data input is

in sequence along a grid "row," which is created in
equally spaced cells that contain a predominant
data variable such as forest or water. A simple

procedure for identifying several variables is to

create a composite, such as soils, slope, or land-
cover, and store this inr_'r---ation in a multivariabk

data file (Figure 7-6.. A triation may thus be

stored for ft, rther ,_ hi,, ,ation, recall or map
output. Statistical sin,. .des. value ranges, legend
materials and map classes may be output with this

software. A variety of manipulations may be
tzerformed on the data (once encoded); some are:

1.

'3

Isolate a user-defined variable such as tree

species within the entire data set and display

only that variable;
Search program, which allows three basic

capabilities: (a) A mininmm distance

routine that analyzes an area surround-

ing a cell. It can then identify _' "t,_ shortest

distance l¥om that cell to a predetermined
cell value. The radius of the search is

specified by the user. The calculations can
bc actual counted cells or lineal v.,lucs s_cl_

as miles, meters, etc. An example of this

, ItlSCId.lEO TO Illlq.lCT SUlTAIItUffY
P_kSTIC DATA MAPS ON A SCALE OF | - 10

MANUAL _VEIql. _Y MAP ANALI_I OF P._)ImIII_D _TA

DATA VARIABLE ¢OMIk_AY_

GRID MODEL

F;gute 7-6, Dig;t;zat[en o_data elementsusing,_GRID
model.
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search would be to find tile cell at a thin,-

inure distance from water, and containing a

specific soil type. fb) A variety of spatial

:malyses requires knowledge of the number

of times a "'matcl t value" occurs within the

user-specified distance search. For ex-

ample, let us assume :hat we are attelnpting

to locate a new shopping malt within a given

radius, and a given cttl is available for devel-

opment. Another cell area outside tl.e radius

is not of interest tbr our objectives and

therefore need not be searched, to) Cot;-

trary to ot, r above example, th_°e will be

certain spatial analyses that require a searth

outside a eiven study area. For example.

suppose irrigation is needed for a newly

p',anted agricultural fieid. An adequate

st, pply of water is not available within

the study area. and therefore, a search with

weights assigned outside th. study area must

be performed. A cocfl]cient is prodaced tl_:,t

approximates :he number of possible occur-

rences. Any combination of search routines

ma.v be applied for a given resource preblem.

Topographical Analysis

An additional subs.vstem integrated into ESR1

,s designed to carry out certai,1 specific manipula-

tions of a topological r_ature.

Slope Analysis. Tiffs program is used primarily for

a land use pla,mer's nccd for accessibilic,', pattern.

etc. for location potential. Tl_e slop,: is calculated

by steepest drop, steepest ri:,e and drop, mean of

absolute slopes, and a variety ot',.ettor summations.

Slope analysis may be performed rapidly and con-

sistently within the grid program.

Aspect Analysis. Aspect la condensed way of

saying directional orientation) is of sig,fifica,lt

valt, e to other related parameters. -uch as tempera-

tt,re, humidity, wind. etc. Consider aspcct's im-

portatlce to .'.he location ol'scqar energy technology.

Exposure. Ex._osure. also kllowll as viewshed

analysis or land form exposure, is a grid-oriented

program that determines user-defined observation

points in a sr'.,dy area from which any other speci-

fied point or area in a scene _s ope,_ to view (Figure

%7). The user h.'_s a variety of options for specify-

mg the observation point(sJ. The user must choose

the direction of orientation (,mrth. ,_'outhcast. etc.)

,,nO the elevation associated witi_ the point or area

It) b,.' observed. The exposure program can a.lso

calculate all other areas visible from any observa-

titre point. ..\s an exampleofa program objective.

one might wish to locate an indtlstrial complex

without interrupting the _cenic qua!,ties o(a given

l'ea.

Views. the _icxvs pro,gram differ from the expo-

st, re program in that it produces three-dimensional

line drawing dlspla.vs from topographical surface

data (Figl,re 7-7). Tl_e views program decides

which parts on the surface are hidde,, and which

parts are viewable. The program tan also produce

a cross section or vertical slice ".hrough a topo-

graphical surface, provided that _,ubsurface informa-

tion is available. The surface 0ein_ viewed can

shift in attitude and/or azimu',!l to present a differ-

cnt perspective or visual feeling lot the area under

study. The views program i: etTIk'ctively used for

location a:lalysis with respect "o topographical

relief, direction and elevation. As an example.

consid,:r its t, tility in locating hiking trails that arc

both physically demanding and aesthetical!y

pleasing.

gopograpl,ical Translormations. The r_e/'ense Map-

ping Agency (.DMA} has digitized the 1:250.000

Natl,'nal ToFographic Map Se ;'s for the entire

United States. Elev',tion data are atored in a 04 m:

(208 X 208 feet) grid cell array. Topographic data

for this s,':ies may 'oe _,b' rated from tile National

Cartographic h,formation Center (in Reston, X'a.)

m a digitized for,nat c,.,nvertible (with appropriate

_oftware programs) Io al, ,mage format for disl_Ja.v

and analysis. Using this data base, COmlmter pro-

cessing can produce a stereo pa{r for a full Landsat

scene or an'," subset thereof. One procedure invof

yes these steps: I I) Rcsampling of Landsat pixel.;

to tile _.,t me tell size. t2) Registration of Laadsat

a_:d digi.'..q terrain data. (3)Transfer of terrain

elevation data to cqt, ivalent Landsat pixel Iota-

(lens. _41 k:-,culat_on o! parallax shifts between

ptxels as a /unction of elevation t5} DiSl'qacct,,cnt
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,xels in X and Y directions as a function of

k,x shi!",, and (0) Production of a Landsat

• containing shifted pixels. An example of a

,ttter-gene_,ted stereo pair (one image normal;

ther with shifted pixcls) )'or a L.,__d 5 Landsat

' (October 13, 1977)coverir,g H:,rrisburg, Pa.

,urroundings. using Map NK 18-10 data, was

Lzcetl by Geospectra, Inc.. Ann Arbor, Mich.

pair is located in the back pocket of this

book. Examine it under a stercuscope.

l'hc DMA data may bc used in other ways to

show combinations of topo_aphical elements.

Figure 7-8 is a three-band inaage made from the

digital terrain data showing slope, aspect, and

elevations in color-coded l_atterns of a mountain-

ous reoon similar to the Harrisbulg. Pa.. area. In

addition to this use. digital terrain data can aid in

classifying Landsat data by stratifying the elevation

data into areas where certain tyi_s of vegetation

will or will not grow. thereby dramatically improv-

ing the Lantl_t classification accuracy.
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Figure 7-7. Schematics showing concepts of Views and Exposure routines for topographic analysis.
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Figure 7-8. Computer-generatedreliefdiagrammade from a DefenseMappingAgencydigitalterrain tape.

GIS AS A POWERFUL MODELING TOOL

In tile previous discussions we have described

an example of the total spatial analysis package
that is interactive, p_ovides area summaries, con-

vcrts from grid to polygon format, and provides
tabular and map form output, A software interface

between ERRSAC's GIS and the computer image
analysis system is used to convert the geo-refer-
enced files into images. This next section of

Activity 7 deals with modeling and includes a
Landsat/GIS output example.

Developing a Model

A model is an attempt to duplicate nature. In

tile computer environment, it is a ma+_Jpulative
process to quantify a specific set of variables as

defined by the model analyst. To be successful in
the model building process, the anal.vst must have a

full understanding of the data variables az_d their

interrelations. This requires identification of the

variables that will give the desired results when

properly manipulated. A computerized model has

an advantage in speed and accuracy (given proper
instruction).

294



l'h¢ purpose of a nlod¢l ix to prt`di¢l ,ind 1o

provide new hlfot'nlatitm abouI lh¢ silllaliOll l'u.'il1_

aclalytt`d. A iK1odt`l gt`ner:lliy involvt`s four slt`px:

I. p1'obl¢111 fornltll;ilion.

2, dilla lItilltilltllilliOll,

3. iI1te1"l+1+etlttiotl ;111d ;Itl;Ily+im,

,I. display of rcmulls.

I+y inwosing ¢oustraiuts, tht` analyst cau tt`st

the ¢on.m.'quInc¢s of all¢mati_'e stral_.,git`s spccifit`d

:Is pl.lnS, programs, l_+licies, new legislalion or any

¢Ollllqllatioll oI" lh¢s¢, givt'll 111¢ proper d;ll;l ill il

¢otnpalibl¢ sequ¢n¢¢. Any combitlatiotl Illil.V b¢

ix:infinId twilhiu lhe ¢onslrainls of lhe syxlem)

;llld V;ll'it+llS still;trios dIvelopt`d.

Examples of Models

W¢ shall now ¢onsid¢r three ntod¢ls that

lypily the itlod¢l dtvclopnl¢l_t process. .ks d¢-

._¢l'il_'t`d ht`l'¢, t';t¢]l IIIOt]t`l "sl;Itltls .Ih+11¢ +" in its

I'tlrl¢tionm bill ¢;Itl ¢;I."iily I_¢ iutet+l'a¢¢d with, :ltld

ilnprox'¢d by, |;ttldsal d:lla. W¢ have chosen tx-

.llllpl¢s Ih,iI aft` t+l+ i+r:1¢1i¢;11 v;lhlt` to ,,ii;11¢. rt'._ioll;ll

or local t'lIVil'OIIIIl¢tl|;ll or olh¢t pJ;lllllillg ;tgttl¢i¢s.

I'h¢ Ihl'c¢ ¢\;1111plts d¢;ll with ¢llvirotlllWllt'-iI co11-

,'_t`rv;lliolt, ¢romiOll i+tH¢llliill illlt] induslri;ll siting

Ihit`fty. tht` data ¢lttut,nts rill,rant iu tht`s¢ inodclx

,I t'+,?'

l, xt'g¢l;ltion,

", g¢oh._gy,

3. ,_14.+11 Ill| XV ;11 ¢1".

•1. sods,

>. I,tlld tlme,

D, W;II t'l'Sllt'dS,

Iopt_gr;llqt._ ,

S. political boundalics,

o. i+ol+tll:llh+ll l+rt+i¢¢lit,lls.

I (). t't' sot I F+.'t' s.

# +-12 Sut,,,,,,s,' s,,mr .l_lrm,'rs ,M,,I,I m'w

,l._rit'ltltur, ll I,r,;,'tit't's sll,'h d.+ tit, fitll tillittg. II,,w

might v,+lt in,'h,'d, ' this irlli+rmdtJt,tl al tilt" mt,dt'l.'

II'll,lt ,lrc' the hlr, l*lt, l+t'S dnd ,tiS, l,lr,iPthlgt's ,,./ cat'h

,i/"/;+t,dt'h ' /h,w wt udd I',_l+ t'_,lh'ct thc ,lira+" II, m"

w, Dltl,l t', ,lt ,h't:'rmmt" Its t'.O'i','t ,,,'1 s<_il t'r_ +si, ,rl ' If it

I,r<,l't's ;,c'ut?h'ial, ,lItnr +,lighl I',)li t'/ll'l)ltr, lgt" ml,rr

l_lrltlt'r,+ to It,s+t ' It,' litre' t'_tdd tilt" mt;th'l iq" _,'l,h"

ht'll+ t', ut ill tilt'St' t'l.¢l_rtx '

FiIvirouuletllal Cutl._t,rv:ltion .Modt'l. I'h¢ purpos¢

ol+ lhis illotl¢l is Io dctcrlnin¢ Iht, effect ol dixtrs¢

,d+;lt'¢ .llld local priot'lti¢_ Oll art,as of ¢rili¢;11 t`tt-

x iIOIlltl_..'lll.ll _.'Ollfdt'll+ .._ ( ;1_ 111,1._I't1.'tiled to pl¢dicI

¢flc¢ls of difft`rt,lll lalltl ust, ill;ins Ol1 I;llldsC:ll',.'s of

;1 Sllld._ ;_r,.'it thai .llftfl II1,." ¢OllS¢l'V;lliOtl of ;i given

;ll'¢,l withir+ the d;ll;t base.

I'ht, qOll,'_t,rvilliOll IllOdt,l rt,quirt,s lilt" ;lll;lly,_l

to identify ;ltld I_tnk I Ilos¢ ;11¢,1s III;ll. ill his opitlioll.

wottld prolt,¢l Iht" gt'_';lltsl iItlllll'_er of PtSOII1'C¢S.

.'klllOIIl_ tilt, data t'lqlllt,lllS to I+t, ¢onsidt,rt,d ;irt,:

I. stills, by type, Io¢;tliOll alld attlollnt.

2. walt,r qu;llily ;llld quanlily,

3. wet I;inds,

•I. forested ;Irk;Is,

5. ll;llllr;11 wihllift" s;l11¢lllali¢.%

o. lhos¢ t`l¢llle111s 111;11,+volt!d l_l't,._¢lll ;I l_Olt,n -

lial illt+lillgt+lllt'lll oil il1¢;IS lh;ll are Io bt`

pl't'sIrvt'tl I ,q1¢h ;is llrb;lll bo1111d;IriIs}.

l'h¢ L;IS progr;uum rvquire locatiou and
lUCaSUrt`II1¢nt of those areas th,II ulch|de lh¢

11i!',ht`sl or nlosl st`nsilive COlllbinaliOtlS. I f wt` ¢on-

lintle ill this 1nan11¢r, lh¢ inosl i11q_ort;|nl ;ire:is arc
itIcnlflied by tlwir exlcnl, location and. cspeci.iIly,

lh¢ir sp;iIi.11 rt'l;iIio11 Io those t'lcnlt'111s of lht` t'n-

virom11..'111 thal nlay preXetll ;I lhrt`at (tllrotlglt

¢11tro;lthlIwtlt} to thost' ',lre;i.,i w¢ wish to pft's¢rvt`.

I ¢gixl;ltors and pI;llUlt,i.'s ¢;111. ou the basis of this

inforul;llioll, i_ll:'odu¢¢ lilt' ;ipl_rOl_ri;ll¢ illsliltllion;ll

IIl¢;ISlirt,S I_._ ttlstlr¢ |'q'¢,_01"_.;1|io11.

II should bc IIOled Ihal this nlod¢l lUay b¢ mlb-

dividt,d illlo ;i v:lri¢ly Of I'Ultlre s¢¢nilrio.'i froul

which to bast` future policws on growth. For tx-

aniplt,, .Ul allr;lttlvtntms nlodel b;l._t,d oil viStl;l[

qu;llilv idt,nlilit,s visibilily p:lllt,rlls I'rOtll tiny origin

or ¢o1111"illaliOll of origillm ill Ih¢ sillily ;|re;I. (.'ll,i:lliI.v

of views t;ls inllucn¢cd by the di,,'t,rsily ;llld distance

ol ;i .t,.ivtn visiblt, Lind list,} ;llttl I;llltl.,iq;lpt, lypt,s

in;i._ also be iliCOrl_Ot:lltd ill[O lilt' IIIod¢l.
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Some questions that tnight be addressed are:

1. What are prime sites for urban development?
2. Where is the visual corridor of a specific

element?

3. Which land use patterns will preserve most

of the prime wildlife habitats?
4. What are the tax impacts that would con-

strain or promote growth?
5. What will be the effect on people living on a

river floodpl;tin if the headwaters of the
stream are developed':

6. llow does land rise affect water quality? In
what portions of the watershed is land

use significantly important':

Erosion Potential Model. To determine a_icul-

rural pollution due to erosion we mr,st first con-
sider what is being polluted. Agricultural activities

are considered nonpoint sources that contribute to

the degradation of water quality. Theretbrc. water
quality managers need a methodology to imple-

ment "best tnanagement practices." To establish

erosion potential, we must determine the proxim-
ity to surface water of total acreages i,wolved by

erosion and total acreage along water courses with-
in the data base.

The objective of the model is to assign a
numerical value that is a measure of the agricul-
tt, ral land lost to erosion near surface waters front

;I given precipitation event. To accomplish this. we
must make certain assumptions:

I. We can identil)' ;IS an input into a cell
any Landsat classified data tlmt identify
land in agricultural t,se: this measure is

encoded by cell percentage.
2. To obtain a relative measure of the erosion

potential of soil in a given cell. a nominal

weight may be assigned, and this relative
measure is a function of soil type and slope
of the land.

3. Since we are concerned with soil that

reaches water courses, the closer a cell is
to water the more severe erosion beconlt._

because of the accun:ulation of precipi-
tation nlnoff.

4. Depending on the topography el" the study
acea, there is a maxinulm distance l+rom

surface waters beyond which soil cannot bc

transported <.unless the icecaps melt!).

.

(_.

Depending on cell size and encoding meth-
ods, a ceil may contain both sur::ace water

and agrictflture.

It is possible to describe the potential
amotmt of erosion due to a precipitation

event without describing the amount of

precipitation tthis is the case as long as
the model seeks to describe relative measure

of erosion severity).

So. what variables do we need to address for

ot, r modeling objectives? First. we must create a

soils file that can define soil erosion potential by

combining erosio,1 type with slope category. Let
us code this combined file slight, moderate and

severe erosion potential.

Next. the water file as identified by la,ldsat is

coded as present or absent in a #yen cell. The ag-
ricultural file tkept current by Lantlsat) may be

separated into species of agriculture such :Is corn.

soybeans, etc., or combined to form one file. By
using an appropriate search routine for the water

file, and by assigning weights to the agricultural
and soils files, we should find a multiplicative com-

bination of thcse I_les lll_lt reveals the |nodel objec-

tive. natnely to locate those cells co,ltaining:

I. weighted vah,e of soil tat)

2. weighted vahle of agriculture tbi)

3. weighted proximity to water tci).

Therefore. the higher the cumulative numeri-
cal cell value, the greater the potcutial for erosion.

in other words ai X bi × ci is equal to the maxi-
mum likelihood for agricultural nonpoint source or

water pollution title to sheet erosion. The model
serves as an indicator of priority areas to address

and implenlent "'best management practices" based

upon the previously defined t_aralneters.
The computer erosion modeling techniques

could be modified, exp;mded, or connected to ot her

models, and this would greatly enlmncc thetr utility
to a regional or local governmcl_t or planning
agetlcy (Campbell, 1971)). s Tile erosion model

5CampbeU, W.J., .,In Application of l_ndsat and ('omput_r T,'ch.

nolo O" to Potential Water Pollution from Soil Erosion. Proceed-

ings Fifth Win. T. Pec_ta S.vmpo._ium, Sioux Fall,, S. Dak., 1979.
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enables the i'qanner Io I',r_.'dict agricultu_d source

h.ldd g¢llCl'HliOll [KISt..'tl_.}[| w;.itcrsht:d p:l[TJ[l|¢[c['s

SllCll iIS SOil, slolw, Vcg¢l;lliOl} cover, dlh| sl'_illil;]

rclatiollS. ['o inIpm_.e the utility of the luodcl, the

I\_llowiHg I'CCOllltlt¢lld:ttiOllS arc:

I. ['hc tllOtlcl could be ul',grm.lcd by inccJrl'..'_rat-

illg a ._lllHIloth.'l [ha[ C;,llClll:lh.'s lilt." :llllOIlll{ Of

soil p:lssing froI1) O1|¢ ¢¢11 tassuming a grid

format) to a neighboring cell as a result of a

given l_rccipit:ltion event. This in(otto:it)on

wouhl show 1he spillial inllucnccs of the

IIl.ltllCt'Oll.% t'actors that control tile hydrolog-

ical I'¢S[+Otls¢s O1" it watershed.

2, Cocfl'iciclUs couhl be incorl_oralcd into

the s.vstcm to predict Prban land use effects

on ;l watershed or ,'l region. Whell ;.i d:.l[:l file

chzlllg¢ is I'roln OlIO l;llld lis¢ to ;.inoth¢r. tile

¢o¢ffici¢nls :Ire I|s¢d t-'_ determine tile

:llllOlll)l Of ch-'llI,RC.

3. I'hc existing IlIOd¢l, along with the sug-

gcslet[ t'¢COllllll¢lldilliOlIS, t'ould bc _.'on-

iI¢clcd to olh¢r IlIotlt'l,s ;.llr¢;ldv ill list.',

Stlch ;is the Sl'/)Rl!r nlOd¢l d¢'¢¢lOl_Ctl

Iw th¢ federal I.il'..k. (.'onnccting to ,Hwr

iilOd¢ls ,_,,ill, of course, grcatl.v increase

Ihc predictive ¢:ll_abilitics of any given

IISCF; hl_%Vc%gr, lime ;llld ¢O,<.1 COllStl';.lilltS

tVOtl]d [Id%c It) I_t.• it CtlllSltl¢l'dlltllh

Intlu.stri-fl Siting Model. i'hc I'in:d c\amlq¢, inlo

which wc sh,lll dch'¢ in _.OlllC dcl:lil, is a r:lthcr

_,itnlqificd aPl,ro.tch l\w lU;ulil_ttl:lliug a fc_v v;iriilblcs

Io lOt;lid lilt" Ol'Hinl;ll silo for ¢Oll,slrll¢liol) Of il

hcilVy ilhhislrial ¢Ollll_[C\ within tile dalll bil,',;¢ area.

Illthis instilllCd.We shall llst'ill!;Iqltlilld;llilbils¢

now lying :Iplqi,'dl+y it inaior ¢I¢¢Iric;iIttlllily.

l'h¢ l_¢nns._h'anialh+wcr illlt[[.ight('onll_any

(I'I'&L) s¢rvcs .'0.000 S,l. kiloult, lt, l.-s t l I,ot)O sq.

miles) in central Pennsylvania. PP&I, has a ¢om-

pltldri/¢d (;IS covering tile ¢oult_any's sc_'icc area.

i'h¢ S.VSI¢Ill iS priluardy II,_Cd for cnviron,ncntal

inwact analysis, land ttsc analysis, energy facility

siting ;llhl other (¢¢hni¢it[ assiMillh:¢, there arc Ion

gCll¢rill dillil dillcgoric_, ;iS lislctl in lhbl¢ 7-1.

]!;Ich gcncrid ¢;llcgory will ¢onlilin some number of

data ¢lctucnts to',alillg fort._-tllrc¢ clctncnts Ibr tile

ten ¢;l{¢gorics (l';llq¢ 7-1 ). I'h¢ Malhl,lrd grid cell

size of 111¢ PP&L datl, hi:so i_ t).2 !_,:,:!:_r,.,: !)?t'_

acre's).

Using tile digital data stored in the (;IS files,

;.lily O|' these i'P&L elements can be displ:tycd Oil a

TV monitor, its ¢oh3r-codetl nmps, or :is printer/

plotter output. Irigurc 7-0 A-F iUustratcs six typ-

ical elements on which some analytical operations

have been i_crlbrmcd. The distribution t)f ¢;.1¢]1

¢[¢lllCllt is depicted /is a tilill_ Covcrillg part of

PP&L's Ilarrisburg Service Ar,,a. I!,tch tuat_ shows

Ih¢ thcm:lli¢ content or ordiniil ranking assigned

to each grid cell. rhcsc arc color-coded as Ii_llows:

A. Landl'orms

itrban:

Water:

Phltc;lu

MOUlllain Top
Steep Slope

Valley Bottom

I)cpression

FIoodlqain

Red

I)ark Blue

Browil

Purple

I)ark Green

Light Green

While

:\qll'd

B. Slope

tl 3";

3 S'7

S 197

15 25';.

25;

I, lrbiill

W:ttcr

While

Lighl t;r¢cn

Dark Green

Purlqc

Yellow

Red

I);irk IHu¢

{.'.Sire:tin Order

I sl Order

2nd Order

3rd Ord¢r

4th Order

5th Order

|_lh Ortlcr

71h ()rdcr

SOt Ord¢r

I):lrk Blue

Orange

:\t]|lil

Light Bluc

Yellow

Whitc

Purple

Retl

* I). Soil I'crmcability

l-xccllcnt

(;ood

Modcr;it¢

1}i'%1%r

I!,,ccssivc

Red

Yellow

Orange

Whih"

Dark Green

lt_7



Data Category

Location

Service Areas

PP&L Facilities

Linear Features

(I nfrastructure)

Public Lands

(Point Data)

Public Lands (Polygon Data)
Course Lines

Future La_.d Use Trends

LUDA

Terrain Unit

Table 7-1

PP&L Multivariable File of Dat._ Elements

I
Layer Element Variable

I

1

2
3

4

5

6
7

8

9
10

11
12

13

14
15

16

17

18
19

20

21
22
23

24

25
26

27
28
29

30
31

32
33

34

35
36

37

38
39

40

41
42

Row

Column

Map Module
Service Areas

i

PP&L Facilities- Point Data

Highways
Railroads

Transmission Lines

General (Pipelines, Vortac Stations, etc.)
Scenic Roads�Canals/Trails

Historic Sites/Natural Areas (WPC) County Prefix
Historic Sites

Natural Areas (WPC)
Other

Public Lands (Polygon Data)
Course Lines

Future Land Use Trends

Land Use and Land Cover
Political Units

Hydrological Units
Census County Subdivisions

Federal Land Ownership (to be added)
State Land Ownership (to be added)

I Terrain Unit Polygon Number

Vegetation/Land Cover
Landform

Slope
Soils
Agricultural Potential

Soil Depth

Soil Permeability

Seasonally High Water Table
Geological Code Number

Rock Type

Bedding
Surface Drainage (Stream Order)

! Groundwater
Porosity

I

Ease of Excavation

Cut Slope Stability

Foundation Stability
Mineral Resources

Fl_od ProF,e

2q_



ORIGINAL PAGE
COLOR pHOTOGRAPH

Figure 7-9. Color-coded displays of six data elements from the PP&L GIS data base.
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* E. Flood P:ol_e Areas

Urban Red

Water Dark Blue

Flood Prone Yellow

Not Flood Prone Orange

* F. Agrict, ltural l'otential

No Limit i)ark Green

Few Limits Light (;reen

Moderate Limits Yellow

Severe Limits Brown

Extreme Limits i'urple

For the three elements preceded by *. several

steps are involved in producing the final map. For

instance, the Soil Permeability map is created from

the soils file. The Flood Prone Areas nmp is derived

from 7.5' U.S.G.S. Quadrangle Sheets. For Map F.

the soils file is first coded by prodt,ctivity, and

then the slope file is coded by percentages and

overlaid with the soils prodt,ctivity file to generate

the Agricultural Potential File.

Figure 7-10 shows the land forms element, as

rendered ill black and white characters o,; a Versa-

tec I!lectro,;tatic Plotter.

In defining our hypothetical heavy industrial

siting example. :he instittltiomd or socit_conomic

problems associated with locating the optimal site

for the complex will not be addressed. In real lift'.

however, d:lt:.l Stlch as population, tax base or olher

thorny issues co(fie be itacorporatcd into the model.

-*/-1._. Do you think PP&L m'eds to I_rOtt'ct

the confidentiality of their data? Why or why not?

Ih,w do )'oft think they might do it?

=7-14." Look at the t'I'&L data categories.

Ih)w acctmttely is each one h)catt'd if the grid cell

size is 9.2 hectares? Which catt'gorit's will be most

scrhmsly ,Lt'J'ect ed ?

File data were Ibrmatted and interleaved by

pixel, meaning that for pixel I.I (first x and first

v pixell, as re:my as forty-three values were as-

signed. l'he flex( decision was WlllCll elenlenis

shot,ld bc illcorporatetl into the tnodcl. 1-he follow-

ing six demeats and their thematic content were

applied to the model:

i. Landform: Tile landform elements file

contains nine terrain types, of which tluee

are considered amenable to dev, !opment:

a. ,,'alley bottom of shallow slope.

b. plateau I.slopes less than ! 5 percent).

c Piedmont Plateau.

2. Groundwater: The computer fi!e for _otmtl-

water is essential tbr input to a ,uanufactur-

ing process and is coded as potential well

yield. The foilow:.ng three parameters arc

considered as acceptable:

a. 0.10-0.75 m3/min (50-199 gal/min).

b. 0.75-2.6 m3/min (200-690 gal/minl,

c. 2.(_ m3/min (700 gal/min) or greater.

3. Poro:;ity: The ground soil porosity rate

is also e_ential for the nlanufacturing

process: the acceptable files arc:

a. nl,.tlitlnl magnitude,

b. high magrfitude.

4. Ease of t'_'xcavation: The most commonly

encountered geological urtit is coded low.

mediunl or high resistance. The paranl-

eters considered are:

a. low resistance: may be excavated with

light construction cqttipmcnt,

b. medium resistance: may be excavated

with heavy constrt, ction cqt, ipmen[.

c. high resistance: requires blasting and is

considered too costly a process.

f. Fou,ldation Stability: This file is coded

on the basis of excavation to solid rock

for each geological (,nit. The coding was

poor to excellent. The files used were:

a. good.

b. excellent.

c. generally good to excellent, but may

cent:fin solution cavities.

t_. Distance to Surface Water: This file is

not part of the PP&L data set. and bad

to be developed. The "distance to water"

file was considered of primary import-

ante to the decisio,l-making process. ILl

our hypothetical example, tertiary sewage

treatlllellt was perl'ornled on W;lste water

potentially generated by the complex.

Therefore. discharge into an .'lcceptable

water body was imperative. Tile "'search

300



ORIGI;,;AL PAGE IS
OF POOR QUALITY

PPErL LANDFORM LAYERS

LEGEND

WATERBODY

DEPRESSION (NOT IN SCENE)
FLOOD PLAN

VALLEY BoI"rOM

STEEP SLOPE
PLATEAU
RIDGE

URBAN LAND

PIEDMONT PLATEAU (NOT IN SCENE)

Figure 7-10. Types ef land forms around Harrisburg, Pa., generated from PP&L data base

using Versatec Plotter.
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from water" routine was generated by
considering those cells that bordered
water out to a maxianum linear distance

of fifteen cells (15 × 9.2 hectares = 138
hectares = 343 acres) away from water.
Fifteen cells were considered the maxi-
mum distance that construction cost of

sewer lines would allow.

These resulting elements are the variables that

would constrain development. Each elemeat was
examined for the values or factors that would con-

tribute to or determine development of the site.

For example, from the ground water t'de, a certain
rate of water uptake was required for a specific

manufacturing process. Any rate less than the min-
imum standard was considered unacceptable. Con-

tinuing in this manner, ail the variables were
chosen.

The final step was to display those areas that

met the acceptable tolerances. Figure 7-11 shows
the fifteen-cell search from surface water bodies as

well as the spatial relation of the variables chosen.

Figure 7-1 IA meets all the conditions in the data
set. Figure 7-lIB meets all the conditions but

grot, ndwater. Figure 7-1 IC all but porosity rate,
Figure 7-11D all but foundation stability, Figure

Landsat Integration

Any combination of the tbrty-three elements
in a GIS data base may be displayed in a color-coded

map similar to [andsat classification ntaps. Figure
7-13A is a con_Tnter-generatcd image constructed
from selected sublayers in PP&L's Land Use file

(layer 25). The data cell size is once again 92.500
m 2 (22.9 acres). This file is referenced to six 7.5'

U.S.G.S. topograpt_ical quadrangle maps. The
irregular boundary, of the map is defined by
PP&L's service area. The classes.selected from
elements in the data file are as Ibllows:

Urban Red

Agricult are Light Gre,:n
Mi.xed Forest Medit, m Green

Broad Lea; Forest Dark Green
Tree PlantatSons White

Forested Wetland Violet
Unforested Wetland Yellow

Sc rub land Peach

7-11E all but landform and Figt,re 7-11F all
but ease of excavation as previously defined.

Owing to the complexity of data manipula-

tion by conventional map overlay techniques, 9.is

is ,as far as most planning operations proceed. By
using a GIS within a digital computer environment,
we can examine the interaction between various

suitability maps. In the previous example, suitabil-

ity maps were digitally generated by creating a

binary mask (0's and l's for reject or accept) for
each data plaae and then adding all the data planes

together to form a composite image. The results of
that process are shown in Figure 7-12. The color

coding scheme is the same as in Figure 7-11.

Let us not stop here but take the process one
step further. From our visual inspection it is ob-

vious that. within the optimal site area, those
areas corresponding to the surface water boundaries

bring us closer to locating the precise x acres site.
The insert in Figure 7-12 is an enlargement of the

area f'mally selected. The red line that borders the

Susquehanna River is the optimal site to include
the waste water discharge requirements. This ,nay

now be compared with land ownership, tax base,

population predictions or other appropriate files !o

finalize the selection or identify the problem.

With PP&L Data

Meadow Aqua
Barren Tan
Water Dodies Dark Blue

Areas outside PP&L
Service District. Black

This map may be considered a user-oriented GIS

display for a particular region. The categories
chosen here are mostly those identifiable in a

Landsat image. Landsat's principal use is to update
and refine these categories.

Given file appropriate software, integrating

Landsat digital data into a GIS is a rather strai#lt-
forward procedure. To illustrate, a July 14, 1977,

Landsat scene of ltarrisburg, Pa., was selected for
comparison with tl:e PP&L data set. The Landsat

data were configured to the same PP&L service

area shown in Figure 7-13A by the binary mask
procedure. These data were then classified by

using a supervised maximum likelihood algorithm.
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Figure 7-12. Final version of a suitability map for location

of an industrial site north of Harrisburg (key area shown in

enlargement). Developed from PP&L data base (see text).
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in flus instance, ground truth for lraimng silos

'3111¢ pt'illlilrily I'rOtll itllCrprk'lilliOll oI t'cprcscn[a-

live high resolution air pholos (Figure 7-14). An

:mtjal twenty-two d:isses werk, r¢..._.'otllbitwdJll[O

,,Icvcnclasses([:igurc 7-13LD, some of which wcrc

,'hoscn to match lhosc of the PP&L map. The

rollowin,,,is the classification schcln¢ selected:

Imlustrial Red

Iiigh Density Urb,m Yellow

Medium Density Urban Vioh.'t

.\griculturc l.ighl t;rccn

Mixed Fc, rcsl I')ark (h'ccn

(;ypsy Moth I)cfoliatcd

]:ol¢s[ ]}.n.)wn

I:alhnv m" Bare I;md Dark (;ray
Walcr 13odics Dark 131uc

WilIer wilh SCdimcn[ l.ighl 131uc

{'Muds While

Shadow; Also A|c.'t

I_cyond I'l'& L Service

I)istrict illack

#7-15: ('ompar¢ the two; map images shown

in I"igure 7-13. IPhat are the main similarities?

"Hw main ,tif]i'rences? What fiwtor(s) are largely

reslnmsihh ' fi_r the differences?

P- 7-1h : Using the aerial pl:oto ( I.'(gure 7-14) as

a guide, e.vamim' the melropoHhul area in Figure

7 I.¢B. �low n'¢ll do the classiJ'ied .l¢_BUnl detlsiO'

ttrl_,ut (vioh't). high density ttrl_an ¢.relhnv), and

itldustrial (red) areas appear to correspond to their

cottttlcrl_arls i/i /hi" I_holo "' Point ottl sererai areas

wh,'r,' Iil,,lal#l,k, or m'fillCmC/tls ,'m/st be" /limb" ill

Ih_' Pikl'L map I_1' us#tg IlU' Landsal classificatio.

i/ll;Ul.

#7-17: O,'.'ntll. whh'h nlap in Figure 7-13

secttt._" to befit r dcllict "e .wtual distribution of

t'laxscs ill and around lhlrrishlt_.," C'atl .you think of

reason(s) wlt.r the PP&L (;IS chJssiflcathm nlight

Iw used instead of t/1¢ Landsat one .lot t'¢rtaill

i,irlloScs or appli('atiotts"

SUMMARY

I'his activity illu:,tratcs the significant resource

.rod cnvironmcniid int'ormation that may be gained

I'I'CHII ;I ¢OIIIl'qllCl'iZCd !,.¢o._,rilphic;ll illl'orlll;llioll

_,vM¢nl. lhc ;ICllVlty ;llsg,l slloW.'.i how L;|lld.,i;.l[ ill|Ill

:nay be incorpor;ttcd into a (;IS and ¢xtcndcd io

_IlilII.V dil'l'¢l'ell[ lists by ¢nVil'OIllll¢lllill illld rcsotil'C¢

IllilIliI?.¢I'S illld WOl'k¢l.N.

I:llillr¢ I:arlh resource s;|tcllilcs will provide

'.re;it,.'r resohttioll th;ll could bc I|st'tl lo uil't'crcnti:ll¢

.rod perhaps identify rock and soil t.vpcx, water

,lu;|lity p;mmwtct,x, vcgeialion SIl'USs i|lld other di|l;t

If:ill illl'hlenu'¢ cnvirt_llulcnt;ll ;tnd r-'sourf¢ Iq;lllning.

llw ¢sscnlial I\_cus of this activity was to dc,uon-

,,It:lie Ih¢ utilily of_ mils;it andi;IS t¢¢htlology as

tools for providing relevant, timely ;rod cost-

efficient infornlalicm to potential users in a manner

Ih;l[ is easily i|llder'slood ;|tltl r¢l'_rodtlCed. Further.

it llhtslr;|tcd thai I:u'gc_.'¢atc g:lthcu'mg of infonna-

lion, the manil_Ulation of sl|¢h informatiorl, ;llltl

lh¢ L'illcring ;ind,.'or display of such infornl;|tiotl on

maps may be accomplished with accuracy and

speed.

Activity S is a real Ill\, al_Pfication of how a

state Bovert'uncnt aBet'toy used l.ilnt|ill d;ll;i for its

r¢:.iOlll'C¢ illld t'nVilT)lllll¢lllilL Illilnilgenlenl issBes.

The role of a (.;IS approach is further tlevelopcd in

this activity.
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COLOR PHOTOGRAPH"

Figure7-14. Medium scale aerial photo of Harrisburg, Pa. and environs.
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A CTIVITY 8

A CASE STUDY

IN THE PRACTICAL USE
1

OF LANDSAT DATA/

LEARNING OBJECTIVES:
• Become familiar with the ways in which Landsat has been beneficial to a state natural resource

management program.

• Learn how a research and derelopment O'stem is becoming an "'operational" remote sensing system

to help decision makers.

• Be aware of nontechnical issues that can assist or hinder an agency #7 adopting a new technology.

• Chart the progress of Landsat use b)" state got,ernntent from the earfiest stage of curiosity through to

incorporation #7 actual state planning methods.

• Derelop an understanding of the many potential appfications of Landsat data to real information

needs and solutions to problems.

• Be aware of the problems and mistakes that have occurred D7 us#tg Landsat data #t the past and

how these problems have been overcome.

• Spur your imagination into thinking of how 3'077 would use Landsat data if you were a state planner

or environmental engim'er.

Orl_Inal plao%ogral_hy _,._.y be _urchazcd
from EROS Data Center

Sioux Falls. SD 57198

I Prepared by Scott Cox, ERRSAC. Goddard Space Flight Center.
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Relaxa bit. Yot, should look upon Activity 8 :is an

interesting diversion froln tile preceding, more

demanding activities, which deal with introducing

you to kandsat and what it does. In fact, by a

discussion of an actual case study we shall now

help yot! to synthesize much of tile previous

material iqto a cohesive picture of practical appli-

cations. This activity is a story of how one state,

New Jersey, has developed a successful Landsat

program to help manage a rapidly changing land-

scape. We shall begin by seeing how one agency

took a need for easily accessible, recent informa-

tion, a curiosity in Landsat. and a little bit of

salesmanship and turned thent into a successful

experiment in tile use of satellite data for an

actual planning program.

IMPACT OF EPA 208 ON NEW JERSEY

Let us begin this activity by examining some

pertinent b;,ckground information. The United

States Environmental Protection Agency (EPA).

t,ndcr the mandate of Section 208 of the Federal

Cle:m Water Act, disburses funding to state govem-

tllents to produce water quality management pro-

grams aimed at controlling both point and lion-

point source pollution in our nation's rivers,

streams, and lakes, in nlally states, areas had been

designated by EPA for which water quality plans

had to be developed imnlcdiately. New Jersey, for

example, was mand:lted to produ_:e plans for state

watersheds covering b9 percent of the :,tate. Using

federal funds, plans for these designated areas were

to be produced by state or regiomd pknming agen-

cies. By funding this ambitiot, s program, the federal

government placed dc facto responsibility on the

state for the water quality planning in these "ttcsig-

haled'" watersheds.

_S-I. It'hat iml_,U't do you think this federallr

mandated program had on the stale agcnch's m'spem-

sibh' for water qttalit)" planning?

-_S-2: What were the h'gal imtffications for

the water quality Flanning in the remaining 31 per-

cent o]" the state, the so-called "Hothh's(t,,nated'"

art'tls ?

The answer to the last question was finally

settled by the U.S. Supreme Court which ruled

that the State of New Jersey was responsible for

208 planning in the "'nondcsignated" areas. I low-

ever. most of the funding from 208 had been spent

on planning for the designated areas, while, at the

same time, many state programs were being severely

cut to halt ever expandingstate budgets and accom-

panying taxes. As a result, the state had to search

for cost saving methods to complete its newly

assigned task. Increasing public demand for compe-

tent environmental planning made the situation

even nlore pressing.

Water quality planning in response to Section

208 requires that a great deal of environmental

data must be gathered and analyzed. For example,

point source pollution monitoring includes histor-

ical research to find the locations of discharge pipes

into lakes and streams. It involves enviromnental

detective work {such as ground surveys) to measure

stream lqow rates, determine where pollution has

been abated and locate new sites for futt, re mon-

itoring. Sonic of this can be done with high resoh,-

lion aerial photography.

Nonpoint source pollution is that which can-

not be pinpointed to a discharge from a pipe, a

leaking settling pond, etc. Much of the nonpoint

pollution of a watershed is not toxic waste, but

dissolved nitrogen and phosphorus. These two

chemical elements encourage the growth of algae

and other microorganisms, which in turn reduce

the amount of dissolved oxygen in the water,

which in many cases kills fish, and so on. Fer-

tili,,ers t, scd in farming are the major sources of

nitrogen and phosphorus. Another example of

nonpoint pollution is silting of streams from runoff,

which is printarily caused by poor farnting prac-

tices and large-scale construction. In summary.

much of the nonpoint poUt, tion that takes place

within a veatershed comes front two sources, urban-

izcd land and agricultural land.

310



#S-3: List foursources_,f nonpoint water pol-

httion, and frOllt what you ha|'t' h'arned about

Landsat discttss whether or not tilts ln)lluthm can

bt" "'set'It" directi3", htdiret'tl)', or not at all IU"

L,Indmit.

#S-4." 1_ you thi, lk it is possibh" to prt'dict

th`e' ,lnloltnt of dissolved nitrogen an,lh_r IdlOSldlO-

rus in ,1 sift'am by knowing the mak¢'Ul I ¢1I" the sur-

rounding lana cover? llow wouhl you go abottt

doing it:' (flint: What rariabh's wotdd .rou hlok al

i:, a m_th¢',talical model")

EVOLUTION OF THE NEW JERSEY 208

EXPERIMENT WITH LANDSAT

The U.S. I-nviromucnt:il Protection Agency

has tleterrllillt'tl thai ;i r;Ither straightforward i|le:lllS

exists to relate dissolved nitrogen arid phosphorus

to land iIse. Research presented in an EPA do¢l.i-

tllCtlt, "171¢ Ittflttenc¢ of Land lJsi' ott Slream .Vtt-

trient Lcvt'ls I,Janu:|r3' 1_17c_'). was the basis l\_r the

New Jersey 208 approach. A simple linear regrcs-

SiOll model was shown to predict the atllotlnts of

Ihcse dissolved clcnlents, ba.,,;,d only on the

;.inlotlllt of urban land illld the ;|111o1111t o f:lgri¢lll! ural

land ill ;I watershed. Conventionally. this iul\mna-

tiotl may be easily interpreted from aerial photog-

ral_hY. I.[vcn lhough New .lersey is a "small" slate

¢otllpared with :\laska or Texas. or cvcn &rizona

and Colorado, aerial photognlphy tbr up to 31

percent of its area Wollhl be extremely expensive.

Furthermore, photointerpretatioll of the photo-

graphs and calculation of tile areas is time-con-

suming, ;llld thcrcl\_re expensive. Could it be that

Landsat might be a viable altcmativc to aerial

iqlologr;|phy? One sl;ll¢ agency in New Jersey

fhought so.

SOLUTION OF THE 208 DILEMMA

]'he New Jcr=sey l)ep;lrlnlc_l! of ('onlnlunity

Aff;.lirS (I)CA), ill tile Division of State ;ttltt Re-

gioual Pl:mning, had, for several years I'Pel\_l't' tile

2t)S Illillldilt¢, I'_¢t'H experimenlillg wilh ¢o111|'_11|¢r

:lided classification of Landsat data and merging

it with other types of geobascd inl\mnatiou. I)CA

i_roposcd to the New Jersey Dep:lrtmellt of I!nvi-

rtmmental Protection, Division of the Water Qual-

it)" (I)WO). thal :Is the agency rcslxmsible for Ih¢

stale 208 work they would provide I)WQ with laud

cover maps and area statistics that wcrc derived

from ¢onlplllcr ;lidod classil'i¢illiolls of Lillld,Sill

data. To keep within tllcir pl;mning budget, DWQ

decided that tile I)('..\ proposal was a rcasot_;lblc

altcrmttivc, alld wotlld be Usdtl for the llolltlesig-

uatcd areas. DCA ._iw tile opl'_ortunity to extend

their "'expcrinlenial'" system into a real planning

¢llvirOlllllelll Ill prove the utility of LallldS:ll ;IS till

operaliomd data gathering tot'Jl. I:igur¢ S-I shows

the cover |,age o f the "'Maps frolll Orbit'" brochure

that was produced by I)('A to introduce the idea

Of how l;llld ¢ovt'r illill'L,i Call be I'_R)dll¢t't| frt)lll

L;tltds;tt till ;.I.

#S-5." I.'ronl what you hm'¢ h'arned about

Lalld._il'$ rt'sohllh)ll and about i'omlluler class&

]_cathm. is tht" th'ternt#lathln o1" the amoutlt o]"

hind ill urban and agricultural us¢'s a good alipli-

cation o.f the l`e'chnoh_g)'? Ilrh.i" ,el/" |t'h.l" riot?

_S-O: Is'hat geographical data couhl be conl-

bined with tlw Landsat data to give the #t]orma-

tiOH nt'¢dt'd to lllort" accttralt'[)" cah'ulat¢ dis-

soll't'd tlilrog¢'tl ,lthl phosllhorus #1 a rirer Or

$lr¢'aln ."
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Maps
From

. ,_. _: . ;j:__.? = _ _ ._==.__ out based on satellite data. At USGS#,- - - -_- _!_"__"2y : :_T'. . Scale (1:24000) the printout measures
Z__,_-:]:J_ --:-_: _ 6 ft. x 4 ft. Dark areas indicate

_''" '-'_ " -=_r.=__:___._ .-_ ,..#,_ "--i_i_-_ ""_-_=- . "_. _" urban or industrial development.
,-_-: Lighter areas indicate low density

4,_:;_ _--. _i"--'._ _,: _ =: _ -_-_ development, forest, vacant land or
r,_=_ :_=-- .... -_-_'_ cropland. Each dot is approximately
._,_. #. ! _"=- _ :_-' _ _ _--_-_-_ :! | acre.

J_._:._.- Route 1 11) and the Conrail main-line (2) are shown as dark bands
trending northeast-southwest..Trenton,

_L_ _- the State Capital (3) is shown as a
dark area in the lower left, bordered

by the Delaware River (4). Princeton
(5) is bordered by Lake Carnegie (6).

New Brunswick appears as the dark
•_ --: area in the upper right (7), and is

{r-_, - _--i-J" _ bordered by the Raritan River (8).

::_-" _'_::- =_:-_='---_ -_ ' Figure 8-1. Photocopy of "Maps from Orbit" the frontis-

• ¢ -_,="_=_:, piece of a brochure describing Landsat remote sensing,

"_--_t'_l_- , I I I published by the New Jersey Department of Community



THE 208 PROJECT PLAN

In reality,classifyhlgtileLandsat data was the

least of the Icchnical issues that had to bc addressed

in order to make the data us;iblc by lhc people

who would be doing the 208 work for the stale.

D('A wisely decided to produce the "'Maps from

Orbit." tile classified Landsat data. in ,| tbrm that

wotah.t lit'){ require extensive lraillillg of the elld

users in order l\',r lhenl 1o be able to Utld.:rMalld

the rcsulls, ;Hid lhcrcfcre Io use 1]1¢111effectively.

I)('A commitled ils rcsottrces to a six-step project

that was described by Robert Mills. the project

ill;aal;ager, ,.as follows:

I. Achieve a gt'ocodal',k" base of L;Hldsal d;l[;l.

covering the state, vdlich could bc used

directly by iqat'tners and be flexible enotagh

{o I'w ta:.;cd ill o[ he1" :al_plica[ iOIIS:

4,

.

('1

Incorpor:lte a slalewidc geographical data

base showing the outlines of New Jersey's

5l',7 municipalities and 2 ! counties.

Digitize tile statewide map of watersheds

(primary. secondary, and tertiary basins);

Merge the data _ets-Landsat. municipal and

¢OI.Hlty boundaries, and watershed boundar-

ies-by relating them to the state plane

coordinate s\,stem,

Develop interactive computer software t'nr

using tile data bases;

Use Ibis software to map ahnt:st one-third of

the state within the optimistic lime of one

.year from the start of the project.

CARRYING OUT THE COOPERATIVE

208 PROJECT

In order Io develop an undcrsianding of tile

[t'Chlladil[ I._Sllt'_ lllvOl_,t'd ill lilt" aasc of Ldlld_a[ ddl,.a

I'or a state,side al_lqicalion, it will be instructive It',

highlight each step m the i_aoccss. Ill the next t'csv

Selection of

Aclua! work on the project itself beg:In in

t)ctobcr IO?o with a visit by tile DCA project staff

It) (;oddard Sly;Ice Flight ('chief's L_.llltls_l[ Browse

Facility 1o ialspccI Landsat imagery. ['he d;al¢

¢hoscal .Is being the bcs! rcpreselllalion of Ih¢ land

cover conditions ,)vcr {he c_llirc st;ale w;is July IS,

['1"(_...ks .I b:as¢ in:.|l_ 1o gtaide the project, the DCA

used the con! rolled satellite image mosaic ( I :501.'1.000

•_cal¢) conslraa,:lcd l['OIll three October 10. Io72.

I and.',at scenes O1" NeW Jersey, as I_ublishcd by [he

[l,S. (;¢ologlc.al Sllr_cy.

=,','-" Ncfcr t,, tlw I.,m,ls,at Path ,md Row

(Tlart in IVe,re -'-2. Is'Ill'is .\',':." .]_'r.:'_':" ,:-: J./:'.-]

I_:u'agraphs we shall outline the SlCl',S l_lkcn by I)('A

Io (ulfill their ¢onlr:tct with I)_,_,Q. i'he questions

will draw on what you have learned about Land_t

;llltl clmllcng¢ you Io speculate oal why things were

dOll¢ ias they were.

Landsat Scenes

state .¢br constnwting ,i yidi-state Landsat tnosaic?

(llillt: ..llloltt how Illalli" seconds does il take to

s,'an thc c'ntirc state o]" .Vew Jerse.v from top to

I, ott,,nT)

_S-.,3"." II'h.v wotdd yott use a single $ltnlmer

d, ltt, }br this lWO]t'ct? List some reasons why cer-

tain hznd covcr clau_ses art' eas)" to discriminate in

tilt" Sllllllllt'r.

_S-O." List somc land ,'orcr classes that ,tight

lie t'OllfilSt'lt b.l' II,_ill_ SlllPlltlt'r data. why tilt" t'Oll-

.fltsiot! t'XiStS. ,llltl why ill this ,'a._e 5ltldy i! ma)" llol
;",::tc'r.
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Geometrical Correction

An early decision made by l)C:k was to gee-

metrically correct tile raw tailds;.ll d;l[;.i. Tile L:md-

sat data were fitted to tile state plane coordinate

system by choosing matddn,:t points ill tile LamMt

data and their corn, spending It)cations ill tilt' state

plalle coordinate system, This was done to dcwlop

:I transfornlation equatlon between tilt" two co-

ordillate S','StelllS (line and sanll+le h)cations Oil

Landsat data versus Northings and Eastings in

feet for the state plane systetn'l. When tilt." trans-

fornl:lliOll is rlln ill lilt" ¢Onlpllk'r, lilt." Landsat d;ita

:ire shifted and resampled if necessary to fit the

new coordinate syStOlll. Tile result can.be :l fillip Or"

L:mdsat data tMt ++'ill prcci._l.v fit :.l map tMt Ms

been drawn by using a state plame projection.

+S-lO. D('.! mght have chosc, to g¢ocorrcct

class(tied La,dsat data. rather than geoc<>m'ct the

raw data first an,l then t'lass_t]v. (,1, .you sltggest

strot+ths dnd wt'<+kth'SSt'S <tleitht'r choice?

Tile state plane projection was chosen rather

than U'rM because the geogralphical files containing

municip:tl bou,ldaries and digitized watershed

botmdaries were originally drawn from a state

plane projection. Maps of either raw or classified

LaMsat geocorrected data were produced on a lille

printer at a scale of 1:24000. This t\muat was

used for all further DCA work.

_.S-l 1." Look at tilt' letter print used m this

workbooL ¢'a, .l'OU see that each character will fit

imhh" a small n'ctangh'? vl standaM line printer

will priltt It'll charach'rs to till inch hori=onhslly

and t'_t'hI char_wters to an inch rertically. II'h.r is

a s('ah' <It 1.24000 good t<) use when making

La,dsat maps with all outpltt th'ric¢ likt" a

]i,¢ prillh'r dr'scribed :/>ore:'

=& 12: Ilqhtt is att<>rht'r reason for war, thlg to

/,reduce l.,mdsaI maps at. ] :24000 scale?

Classification

Once the Landsat data were iq usable lbr-

lllat, i.¢., ,,-'eocorr¢cted ,llkt registered to the 11113-

nit;pal and watershed outlines, tile IleX.l step was

to classil_' tile data. DCA phtmers used a super-

vised classification procedure to produce the lalRI

cover tuaps to be delivered to I)WQ. Train;rig site

select;Oil was based oil the use of aerial photo-

graphs, fillips, lind gl+Otlnd StllWe.vs to delerltlitle

sites of kllOWll hOlllOgClleOtlS grOtllk] cover.

rite classificatitms were made ell :1 rcmote

terminal tied to a central computer tMt used the

ARGOS software programs developed b.v New

Jersey's l)ei+artment of |!nvirorunemal I'rotecti6m

rapes cent:lining tile classified data were sent to

I'RRSAC so tMt color-x'oded maps could be gell-

crated on tile Optronics Color Film Recorder.

I)CA elected to by-pass tile standard square.

rcctalllgtllar, or par:lllelogram illap I'orlllallS, instead

they produced maps shaped to the irregular

bound:lrics nf tile study areas. One such nlap. of

the N,,vesink Watershed in northeastern New

.lersey. is shown in Figure 8-2. Ill making the color

Ill;lpS, ;.llld also the lille printer maps. tile data are

passed through a routine known colloquially ;Is a

"'Cookie Cutter." All data within the boundary of

a specified polygotl are preserved in their original

fornl; am)thing outside the boundary is given a

value of zero. On the fihu recorder output, this

value is expressed as black: oil a line printer, it

would be a blank. A sinlilar procedure was used to

produce tile i'l'&L maps of tire Iiarfsburg See'ice

Area discussed ill Activity 7.

EVALUATION BY USERS

I)(.':'_ did ,m adlnirablc job in proxiding I)WQ

with up-to-date inlormalion on tile la,,d cover of

tile "l',t+lldct;igp,:lted ;Ire:s." an.' ,vit'.i;+i il,u iimc spe-

cified. I)espitc the success of the t3CA et'Ibrt, sollle

prolqcms el;slat tMt prevented DWQ a,d varie.us

citizens advisory groups from usillg the data to its

i't,llcst potentmt, l)espite a concerted effort to edu-

cate the end t,sers, resistance prevailed. Many peo-
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Figure 8-2. Ctassification map (p, oduced on I DIMS) of the Navesink Watershed, New Jersey.
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pie tbund tile gray-scale line printer maps difficult

to use even though they were at a suitable scale

(1:24000) and had been cookie-cut to a recogniz-

able shape. Anot-hcr problem was conceptual. DCA

emphasized that the maps represented current land

cover and not land ttse. Ill many cases, areas with

similar land cover may be under entirely diflL'rent

land uses.

";'+t_ / +__,-_._." Can you think of three examph's of

this con]'ttsion between land corer atut land ttse?

Another problem that soon became apparent

was tlmt the particular landsat imagery chosen, a

July scene, may not have been the optinmm choice

lbr perlbrming a Level I classification. For exam-

pie, bare soil caused by summer replanting or har-

vesting subtracted from the total agriculture acre-

age. And of course there existed a problem fre-

quently encountered by users of Lanc_sat data,

namely that the data may be too accurate. In a

sense, one reason for using Landsat data is that

they are up to date. Many of :lie data from maps

and old surveys used to check the cia,x_ification ac-

curacy are out of date. If photography is u=ed for

verification, it is often from another season or a;z-

other year, and land cover does change. Then again.

what do you say when planners tea you that your

Landsat estimate for agricultural land is only 50

percent of what their figures claim'.' You later find

out that the convertional estimate used the known

acreage of the county and subtracted from that the

acreage of the urbanized area within it. and every-

thing else was called agriculture. In another s!ttm-

tion, it is not always easy to convince someone

that your estimate of surface water is correct, even

though no one mentioned that the reference data

used for comparison neglected to include impound-

ments, rivers, streams, but did include salt water

shoreline, and was probably I0 years out of date.

EXPANSION OF THE NEW JERSEY PROGRAM

The challenge to transfer Landsat teclmology

to those agencies and users who can truly benefit

is not easy, nor can it be done by one agency alone.

In n_any ways, satellite remote sensing represents

such a big technological jump, and a somewhat un-

certain one at that, which many potential users

have neither the time nor the money to experiment

with Landsat applications to find out what works

for them. What was needed was a coordinated ef-

fort and a reserve of expertise to test at thc state

level sore,." promising or trustworthy applications

that could be undertaken with low risk to capital

and illanpower.

As indicated earlier in this activity, tile state

of New Jersey had a fairly good start on its own in

processing Landsat data. How could NASA's Re-

gional Applications Program 2 assist DCA to in-

crease its capability in using Landsat data, and, at

the same time. foster development of a statewide

operational Landsat analysis capability'? The an-

swer to this question is lburfold and corresponds

to the lbur activities of the Eastern Regional Re-

mote Sensing Applications Center (ERRSAC) at

Goddard. ERRSAC commits its resources to (I)

user awareness, t 2) training, (3) cooperative demon-

stration projects, and (4) technical consultation.

User Awareness

ERRSAC's user awarenem activity begins by

klentifvi_lg people and state o_anizations expres-

sing an interest in applying Landsat data. perhaps

because of some previous experience of its use.

These state organizations are usually departments

of natural resonrces, in New Jersey, as well as the

Department of Comnmnity Affairs and other state

agencies, notlgovel'nmental organizations have also

pla_cd an iml,ortant role. Rulgers University, for

exalnple, helped ERRSAC and DCA conduct a

statewide Landmt symposium to introduce Land-

sat users to potential clients. By showing results of

actual applications and answering questions from

potential users, we began to formulate a statewide

program that would be multiagency in scope and

multidisciplinary in the applications eventually

2Jl_description of this pro.tzram is wen in Appendix I:.



chosen. Following the Rutgers symposiunl, several

return trips to Trenton led to further discussions

with prospective users to define reasonable projects
with reasonable expectations and to get commit-

mcnts of staff time and effort for any demonstra-

tion projects. When the dust had settled, three

state agencies, all from the New Jersey Department
of Environmental Protection (NJDEP), were

chosen to codevelop Landsat demonstration

projects with ERRSAC. The final step was to staff
each project and train those people who would be

working on them.

Training

Throughout the brief history of ERRSAC our

philosophy has been that a prospective Landsat
data user can be trained in a relatively short time

to process the data and become virtually self-

su|'t_cie_:t in that regard. Thus, within the short

span of olc" week at Goddard we teach enough
about satellite remote sensing and computer data

processing to stai," tbrcsters, wildlife biologists,
planners, geographers, :'to., so that they cat) begin a

demonstration project wi:ll NASA when they re-
tuna to their offices. In April 1979, ten representa-
tives of the New Jersey Depart:_aent of Environ-
mental Protection arrived at Goddal,I Space Flight

Center for one week of intensive training as the ini-
tial step in a l-year cooperative demonstration

project in the use of Lands.at data.
As you recall, ERRSAC's goal was not to turn

people from state organizations into remote sen-
sing experts during their week at Goddard. What

we did accomplish with the New Jersey trainin_ 2.

course, and many times thereafter, was to give peo-
ple the tools they needed to begin a cooperative

demonstration project. The topics covered iu the

course are listed in Table 8-1. Any problems, tech-
nical or otherwise, could be worked out later be-

tween the ERRSAC State Program Manager and
the participants.

Tlbl- 8-!

ERRSAC 54_y Thrums Cnum

Day 5

a.rn.

Principles of remote sel_ng.-overvlew

Landsat svs'tem and products

Landsat image mterprelat_n

Image ap_:)roach versus numerical approlch

Steps in a Lacldsat prelect

Spectrll reflec_amc'e chatacterislics Of vegetatton

Technical library and bmw,.e facilitV

Statisttcs for Landsa( data anilysls

Ground truth and traimng site selection

Re_leW hands on

Hands on OCCULT-UMAP
GSFC WSIIOrScente_

° ._

Hands-on OCCULT-STATS an<lCLASS

GeographK: entry svstem,_.to¢Jraphic information

$V'_ef'ns

Other irn_Je _no, ctw_Inq sVstenls

F,eld Irlp: gathetln<j groun(t lruth

p.m. Principles of digital image proce_*ng

IDIMS demonstration aim anal'¢sl$

OCCULT le-minal tamdi_'ltV

@.m. _el f -leach_rKj dl_lS

IntroductiOn to OCCULT

Hands-on OCCULT-NMAP

p.m. Spectral charactt_ristlcs of Earth surface teature'_
ADplications lecture

Review of Hands.on

Hands-on OCCULT,UMAP and STATS

p.m. Appl,catlons lecture

Accuracy asses_llcm !

Rewew hands.on
Hands-on OCCULT-CLASS _ _'ANAL

p.m. Rewew O# ¢ourle

Ootiooal [tree

Hands-on OCCULT-CLASS and DISPGM

Confererce_ wsth ERRSAC staff
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ORIGINAL P;.-3_ IS

OF POOR QUALITY.

Demonstration Projects

Before tile training course, we at ERRSAC

had already been negotiating with DEP personnel
to design effective demonstration projects. Two

central points of contact were established: :, s;ate
program manager at ERRSAC, and a Landsat pro-

gram coordinator with the Bureau of Planning and
Autom0ted Systems of the NJDEP. Three agencies

from NJDEP took part in tile New Jersey State

Landsat Technology Transfer prom-am, as it be-
came known. The Division of Forestry (DOF) was
interested in developing a forest :r,.ventory for

northern New Jersey. Tile Division , f Parks and

Green Acres (DPGA) needed up-to-date land
cover information for an area within :l_e pine

barrens of central New Jersey. Finally, the C"fice

of Coastal Zone Management (OCZM) was develop-

ing a land cover inventory to serve as a benchmark
for future urban growth monitoring in Cape May

County. Figure 8-3 shows the three project areas.

OFFICE OF
m

I COASTAL ZONE _

MA,AGEM.NT _ "_

DIViSiON OF • ]

i

I'JEW

\  V2" ..........

Figure 8-3. Map showing location of NeN ,Jersey state

pro!ects.

ERRSAC has learned, mostly through trial

and error, that a demonstration project must be
visible to state decision makers, must supply data

to an ongoing state-defined program and must be
proved cost effective. If Landsat allows the state

to do something previously considered impossible
within state capabilities, then the problem is

unique and cannot be judged cost effective. A suc-
cessful state demonstration meets the above crite-

ria and has the power to convince state decision
makers that Landsat is a viable toni, ready for use
now.

Forestry Project. The Division of Forcstry was
warranted by the State Development Plan to

produce forest cover maps for each of New Jersey's

21 counties by the early 1980's. "_'hese maps are to

be updated periodically to refit ,rends in the loss
of forest lands caused by fn-es, development, and

logging. This information will be used by state

regulatory agencies as an ai-' to plannir.g, and
should reduce negative aspects of the environmen-

tal impact of future land use changes. The

proposed L_n,lsat tlemonstration was simply to

produce a forest cover map for a single county by

using computer proces._d data. and compare it
with conventionally gathered information. One

approach to this wotdd be a procedure such as that

shown in Figure 8-4 which shows how state agency
personnel, working closely with ERRSAC project
people, follow a series of analysis steps carried out
on several computer systems. The key question

was: Could Landsat provide information about
forest locations and tree species within a coun-

ty. equal to or better than conventional techniques
in accuracy and at a cost saving to tile state over

those conventional techniques both in dine and
dollars'?

#3-14. ,Is j'ou hare probably noticed, dill'r-
ent tree species in forests are intermixed with the

exception of commercial tree plantations or or-
chards. What is a reasonable ahernatire to the al-

most impossible task of tr.ring to Mentifr hMiri-
It I,I I trt_o e ,,_;,l........ p .... s in space acquired imagery ? (ltin t:
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OF POOR QUALITY

Keep in mind the resolution of Landsat and try to

develop forest "classes" that you might Mep_tify
from imagery.)

Tile study area chosen by the Divisioa of For-

estry was Sussex County, in tile northernmost part

of New Jersey. Sussex County represcats four sepa-

rate ecological regions: (1) the upper Delaware
Ridge and Terrace, rolling terrain characterized by
a mix of forests and agriculture; (2) Kittatinny

Mountain, just east of the Delaware River Terrace,
a steep series c,f ridges whose land cover is predom-

inately forested: (3) Kittatinny Valley, rolling ter-
rain surrounde[i by forested ridges, with much of

the land cleared for agriculture: (,4) The New Jer-
sey Highlands, an area of rugged partially forested

land with numerous deep lakes. Look elsewhere in
the workbook at some of the imagery tfiat shows

northern New Jersey, particularly Figure 2-1, and

_ee if you can identify these distinct zones.
Sussex County was chosen primarily because

Jt is heavily forested, but also because it is an area

under heavy development p;essure as a resort area

near New York City. and is similar to the Catskills
and Poconos in recreationa! opportunities. In this

era of energy shortages, such an accessible area be-

comes ¢.;e of critical interest to DEP. Also, even if

its recreational development is slowed, the attrac-

tive market for firewood in New York City has ac-
celerated logging in the area.

At the tim o" writing, aLout nine months
into a one year project, tee foresters in DEP have
produced the forest cover classification shown in

Figure 8-5 using a combination of Landsat and

ground data. A special effort was made to pick out
a,,d classify the dominant tree species or associa-

tions in Sussex County. Preliminary checks on the
gross accuracy of the map have been made in the

field. The results are an encoura_ng 90 percent

overall classification accuracy. The final accuracy
assessment of the individual species type assccia-

tions must await the production of rrecxse geomet-
rically corrected overlays of classified Landsat data

at a scale of 1:24000. Ground survey teams will be
sent out to determine the accuracy of classifica-

tions of individual pixels. By using Landsat data,
the Division of Forestry has shown that they can

almost match the accuracy of ,ah" photos in forest

location. Landsat make." it possible to determine
species associations that would otherwise be im-

possible to derive, given the cost and time con-

str_tints of a project such as this.

PROJECT SEQUENCE FL_W :':HART

i

Figure 8-4. I:low chart showincl sequence of data processing and analysis done comparatively between ERRSAC and the

Virginia State Division of Forestry.
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COLOR IJlIO]OC_RAPN

SUSSEX COUNTY, NEW JERSEY
FOREST COVER CLASSIFICATION

1 CHESTNUT -- OAK

1 ELM
1 OAK
1 BOG
1 HEMLOCK

WHITE PINE

1 RED CEDAR

1 OTHER

NEW JERSEY DEPARTMENT
OF

ENVIRONMENTAL PROTECTION
DIVISION OF FORESTRY

Figure 8-5. ForL,_tcover ,nap ot Sussex County, New Jersey slmwi.g IDIMS classtti,,:atio, o! LJndral dala.



Green Acres Project. The Division of Park:: :mq
(;reen Acres. or (,re,in Acres, as it is usually called,

is it ,nique state agency created to manage New
Jersey's environmen'alty sensitive areas. Rather

than receiving funds through stale appropriations,

¢,,reen Acres is supported by the sale of imblic
blinds. These sales enable Green Acres to purchase

environmentally sensitive areas to be placed under

st;tie protection, with some inonics itsetl tO Illallago

state-owned parks. In addition. Green Acres is

responsible for carrying out the mandates of some
important federal leg;slat;o,1 such as the Wild and
Scenic Rivers Act and the Ez,dangcred Species Act.

For the types of activities ill vhich Green Acres is

involved, currcnt land cover infornmtion is a pre-

requisite for many programs.
Laadsat wits seen by Green Acres staff its

capable of providing the types of land cover itl-
lklnnation judged usefi,I in del_,ning tile environ-

mentally ._,nsitive areas. The focus of the Laudsat
demonstration project is to tlefiue those areas that

contain tmiqtte flora ;itltl fauna communities under

threat by developmental pressures. Looking :,:+ ri).,
map of project areas (l=igurc 8-3}. it is evident that

such prcssur,.'s front New Jersey's coastal resort
areas, particularly Atlantic City, are and will coll-

tinuc to be a very real threat to wikl pkmt and ani-
mal communities in the nearby Green Acres study

area,

['his particular dcmonstratio,1 project makes
use of mull;temporal Landsat imagery to provide

greater discrimination of and much higher classifi-
cation accuracies for land cover types (particularly

forest speciesL The classified Landsat data are in-
terfacett with tile Green Acres Endangered Species
data base to deternlint" whether land covers of par-

ticular floral species are. in any way, predictive of
the wildlife in those habitats. If a predictive capa-

bility can be devised, then the task of Green Acres

to idenlil_' and procure sensitive lands is made
much easier. As of ear!y 1981. much of the Green

Acres project rein.;ins to be done. Itowevcr. l'rom

work compleled, the project team has learned that,

when using single date landsat data only. many of

the plant comnn,nities call be identified with accu-
racies no better th::a 50 percent. Ilowevcr. when

multiple date kandsat data are itpplietl, land covers
can be identified with sufficient accuracy |o begin

tile study of habitat associations and prediction.

Urban G-owth Pr_e¢_ Th," third project follows a

similar scenario for meeting state or federal data

mandates and determining the benefits, if any. of
Land&it data. The Office of Coastal Zone Manage-
ment became interested in Landsat data as a conse-

quence of the EPA 208 study. Figure 8-6 shows a
classification of Cape May County made by DCA

during the 208 project. This project is interesting

from an institutional standpoint, as well as in its
technical application. Cape May County has a pro-

gressive planning board, which has frequently col-
laborated with OCZM in designing the specifica-

tions for a geobased infornmtion system that fol-
lows the coastal land acceptability method.

Ilere again is all area under intense development

pressure as a resort area. The explosive growth of
Atlantic City to the north already has overspill ef-

fects oil Cape May County. The liaison between
OCZM and tile Cape May Planning Board allowed

us to directly involve county planners in Landsat
data analysis. One planner attended the ERRSAC

training course and has made regular visits to Tren-

toil and Goddard to process data and evaluate
results.

The goal of the Cape May County Urban
Growth Project was two-told. First, OCZbl wanted

to produce an accurate [and cover classification
and define specific land covers to provide a bench-

mark to compare previous or future Landsat scenes.
The objective was to monitor trends in land cover

change. Second, OCZM wanted to develop tile ex-

pertise in processing Land._at data for interlacing
with a geographic, infornlation system.

One area of particular interest to OCZM is the

_dt waiter wetlands that predominate the county.

#S-15: ih)w wotthl you use Landsat data to

ntap the different t3"pes oJSolt Marsh regetathm?

What tyl)es of ancillary data wouhl 3"o11need prh)r
to selection of Landsat hnageo' for such a task?'

After three visits to ERRSAC to work on in-

house computers, its well as much work in slate of-

fices to choose training sites and evaluate prelimi-
nary results, the OCZM project is now completed.

A section of the final Cape May land cover classifi-
cation is included in tile nlap of tile southern New

Jersey coast reproduced in Figure 5-38. What

began as a highly optimistic plan to classify Cape
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COLOR yi _ b,;_APH

LAND COVER CLASSIFICATION
FOR

LOWER CAPE MAY COUNTY
NEW JERSEY

COMPUTER PROCESSED LANDSAT MULTISPECTRAL DATA
ACQUIRED JULY 18, 1976

I ,I
LEGEND

CLAIilIFICA'IION

i WATER

I FOREST

m LOW _ URBAN

AGRICULT1URE

BUCHIBAIIREN

Figure 8-6. Classification of land cover in lower Cape May County, New Jersey.

322



May ('Oilll|y COVer types lc, v ,, ,vvL.¢',,. _It, .%¢ii_,_, ili

some eases, {o haw." l_een surpri,dngly si1c¢esst'ui,

;'he -'l,lssific:fliou map silows Y, different types of

grouml cover, including 9 different urban density
classes. The ¢lassil]¢alion of Hie sail w:ller nl,lrSlles

;IslOIIlldCd¢v¢I| lhose people who had been work-

ing wilh the dal:l for the past ._e;ir, Comp:ire the

earlier l'ilpeMay cl;issifieation,performed during

Ihe _'OS study I,|:igure S-o}, will1 tile 3,"I cla_ses m,lp

[Figure 5-3S_ lh;iI was made for this proje¢I.

Pl:inners for the ('ape M,ly ('ounly Pl,umillg

Board ;ire now altenlplhlg, in tlleir offices, to verl-

fy the ;l¢¢ura¢y of the l.;111dsal nlap by conlpilrhlg

the results wilh re¢¢n[ air photos ;ind field surveys,

As cvid¢11ce lllaI LandsaI has ¢;:ught on in (';ipe

May, the local coast guard air sial;on has offered

limited helicopter time to assist in ¢hecking the
co;iS[all wetlands.

A word of ¢aulion should be inserted here,

l'he final cl,lssific:ilion ;Ipl_ears |o be highly accur-

ate. lligh a¢¢uraey coupled wilh tilt' de{,lil of {he

cl;,ssification has only beell achieved by very h,lrd

work and pilinslakinganalysis. I[ may be thai life

lime invesled Io make lhis ,isu¢cessl'ulproje¢l is

IIOIiH'iI¢li¢il]for illlol_el';lliOll;llIis¢of |.;illdSald;llil.

Until Nt'w Jersey and other states /ire truly Ol_¢l'a-

tiOllal, this qtlesliOll CallllO[ be answered.

i'he cl:lssil'iealion produced m Ibis demonslra-

lion projecl, it" of acceptable aceUnley, will be used

by (.'R.'ZM ;lid (',lpc M,iv {.'otnlt.x ,Is ,1 b¢lld1111,uk

for tile lalld cover of tile Collnly ;is it existed in

1'17R. Subsequent l.andsa[ land cover cla';sil'ic:l-

[iOllS Call be comp:lred with Ihe bendunark to look

ill dlanges ill Ihe I:lnd ¢over over !lille. ial.x' building

tip ,1 series 0[" Ill;|pS, year by year, iqanllers C;lll

develop [rCllt[ :lll:llVscs lo ..4,how where Iiiorc dlallgcs

are lUOSt likely to occur. While this is a significant

:;tit;. il i:, o,il_, the up of die icel_erg, rile real pow-

er of digilal remotely sensed iul\mnatlit_l emerges

wheu il is Coulbiued with other geoba_,d ;u fern;a-

lion such as tile one being developed l)y ()('ZM,

lhe Coaslal Land Acceplabilily Melhod, or ('LAM,

('LAM is a leclinique ,levelol_ed for a£_essing lhe

a¢¢eplabilily of ¢erl;lin lypes of dL'Velopmenl in

tile ¢o;isla] zone. It is used Io dcternline nol only

whether devehapm¢lll is ;tccepl;lble. but alSO tile

degree Io whidl elIVirOillllelll;ll, ._.lCiOeCOIIOllliC,

and development potential poilllS of view are ill

conflict. This is done by producing a detailed r,i-

|iouale I\w ranking the acceptabilil.v of land, en lhe

basis of proposed needs l\)r t I 1 socioeconolnic wel-

fare, t2} developnlenl site criteria, and 131 envirou-

inenlal conservation. The final product is ,I set of

three maps, one I\_r each of these three needs; each

in;ll_ shows those areas IIlitl are of special inlerest.

For eX;llllple, enviromuelllal COllSel"valiOll is ¢on-

¢erned wi|h those areas thai ;ire sensitive to [lllllliln

eueroachment. 'l'he,efore, the final m;ip is ;1 toni-

pestle of several maps designed to show overall

environulenlail ._'nsitiviiy. Figure N-7, depicting

two ¢alegories of l';Irllllallld ¢onsen'alion ;,reas

I_;ISed on soil ¢l;Is.,_.'s, is lypic;li of al l.amlsall-a, hled

classification Ill;ip 111a11was used ;ISinpul Io Ihe

¢onlposite a¢¢eptilbility 111;11_ t'or environnlent;ll

¢OllSer_,'al t iOll.

Ill ;Ill ol_eraliOn;ll still;lion, Ic,¢al planners

USe lilt three illiips ill¢Olllbill;itiOll It) resolve ¢Oll-

fli¢lS and determine the trade-ells that exist :rod

Iheir associated costs. So¢ioeco,mmically, al hou-

sing development may be kleal for ;i parlicular

;Ire;i, bill tile area in;ly have high pOtellli;l[ erosion.

It" tile costs o[" rectifying this erosion are passed on

to Ihe developer. Ihe ¢osI benefit of Ihe project

could I_e evalu;lled re;isoniibly.

SUMMARY

As r_.'tllOte SetlSitlg g;lins wider ;l¢¢¢plalllC¢.

each stale will lend It) ,il_proii¢ll its utilization of

l.andsal ol_serv:itions in w;iys sonlelillleS uniquely

designed lo h,mdle the slale's special ¢,lpaibililies

and parlicular needs especi;,lly as Ihal reform;lion

source is role;railed inlo a GIS. I)ifferenI Sl.llC:i will

lherel'_D1x, develop differenI ,malyliCad procedures.

('onsi.ler how a stale such as New Jersey 1night

,ice;de It) upgrade or expamd its pro;ran" in wailer

reSollrCes Illilllalgelnell[ IO take .Id_,.;itllalge of the ill-

creased sophistication in data processing being re-

por|ed by Ihe user ¢o¢lllllunily. The precise ap-

proach depellds on |lie desired end I,rodu¢|. For

exa,nl_le, Vernlou! is concerned wilh measuring

individual lake paramwters, such as wa|er clarity.

plloslqlorus concenlr-'llio|l, and chh)roph)ll con-

I¢nl ;it specific limes tFigure 8._,A). re do lhis.

e;.ICh p;irilllleter Call i'_e meiisured by IlSillg sllrl':lC¢

Waller qtlitlily dill; acquired I'rOlll sllrfaiCe Salnpling

Oll dallCS dose 1o ,I l_alrliculalr IxllldSa! overpass.
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g
FARMLAND
CONSERVATION
AREAS

KEY

A FARMLAND CONSERVATION

AREAS CLASS Ill SOILS

F. FARMLAND CONSERVATION

AREAS CLASS I & It SOILS

SOURCES

Spec*al Areas II _ Sources

A CMCPB Class I & II Aoflcultura! Sods.

1974. I 48.000

McCormick. J & Associlltes,_

of Cape May County, 1973, 1.48,000

F CMCPB. Class I & I1, op cir.

M CMCPB Tidal and Brackish Marslles

1974. 1:48.000

1 _ 3 4 S 6 M_

P-----'(" _ :. I [ I

o _ a_oo f_
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®

Figure 8-7. Map of farmland conservation areas in Cape May County, generated by the Coastal Land

Accel3tabilitv Methocl !121 AM)
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Tile extraction of quantitative values from the
combined surface truth-Landsat inputs depends

strongly on the decisions made as the analyst inter-
acts with intermediate results during processing.

On the other hand, Wisconsin's environmental

agencies have elected to measure an average condi-
tion, the lake's trophic state, which includes contri-
butions from a number of variables (Figure 8-8B),

They find that data obtained on three dates, in
spring, summer, and fall, best describe the average

trophic state for a given year. Their analysis relies

mainly on an automated classification procedure
that receives previously collected input stored in a
GIS, so that surface truth is needed only as a check

on the validity of the results.

Both kinds of end use are pertinent to the re-

quirements that New Jersey must satisfy to comply
with Section 208 (nonpoint sources) and its com-

panion Section 314 (lakes) of the EPA Clean Water
Act of 1972. However, the program likely to be

chosen by New Jersey to monitor its lakes, as well

as its streams and coastal waters, will be influenced
by another set of conditions. These consist of a

mix of factors that include those relevant to Ver-

mont and Wisconsin needs as well as those peculiar

to this Atlantic Coast state; for example, the num-
ber and size distribution of the lakes over most of

New Jersey are dissimilar to that of the two inland

states. In order to draw up an operational monitor-
ing system to meet 208 and 314 statutes, New

Jersey would have to examine the characteristics

of its water bodies, determine its past, current, and
prospective sources of ancillary data, and decide

wlfich monitoring tasks can be accomplished by
Landsat. To aid in this endeavor, the state could

consult a checklist of capabilities and strategies

such as shown in Table 8-2. Ultimately, however,
New Jersey, or any state or user group, must

tailor its operational monitoring and analytic sys-
tems to fit the data base it establishes to accommo-

date the demands and goals of the regulatory and

planning agencies within the state.

VERMONT DATA ANALYSIS METHODS

LAKE STUDY

LANDSAT

"°'°°'1UNSUPERVISEO [ [ BAND MAPS ENHANCED

I CLASSIFICATION I FOR WATER FALSE-COLORIMAP FOR WATER IMAGE

LOCATE SAMPLING _.___J
STATIONS

!

I EXTRACT CLASS ORSITE MSS VALUES

!
ICONV"TTD.AOIANCEI

l

I DETERMINE i
RADIANCE - SURFACE TRUTH

ASSOCIATION Iron WATER

!

PRODUCE FINALCOLOR-CODED MAPS 1

t

i ESTIMATE WATER ]
VALUEFOR I

UNSAMPLED AREAS J

WISCONSIN DATA ANALYSIS METHODS
LAKE CLASSIFICATION STUDY

LANDSAT

YES L @

I GCP LOCATION 1

!
NAVIGATION PARAMETERS

COMPUTATION I

• !
I LAKE LOCATIONAND EXTRACTION J

!
COMPILE b STORE ]

DATA BY LAKE I

i' !

I"A"O,EAC.LAR,
CDMPA..EE 'TSd

wrrH FIELD _,AI"A ]_

!

OF LAKES BY I

TROI_IIC STATE b TYPI[ ]

Figure 8-8. Processing sequence for lake water quality analysis as carried out by (A) Vermont, (B) Wisconsin.
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"Filemost difficult,time consuming, and cast-

ly l'eature of ;lily geobased inl'ornlatio|l system is
that of keeping the infornlation current. The real

power in using Lmdsat will come as users update
their land cover classifications. Until now. the-

matic maps have been revised by hand. using aerial

photos, windshield surveys, etc. In the future, ap-
plication of Lmdsat digital classification to update

Maps lllaV becollle a largely automated process.

The day is close at hand when local planners can

design economic development models, assess de-

velopment potenIial and environmental risk fac-
tors. ant| analyze trade-offs and cost-to-benefit

ratios. Remote sensing will play an important role
in future land use planning. Landsat is putting

modern technology to work today by providing

up-to-date information and by introducing many
people to computer-aided analysis through Geo-

graphic lnformatiotl Systems.

Table 8-2

CLEAN WATER ACT, SECTION 314

INFORMATION REQUIRED

WATER BODY--GENERAL

LOCATION; SURFACE AREA

ALTERNATE SITES

HYDROLOGIC RELATIONSHIPS

POLLUTION

TROPHIC CLASSIFICATION

ECOLOGY; PUBLIC ACCESS;
RESIDING POPULATION

WATER BODY--SPECIFIC

SECCHI DEPTH; SUSPENDED

SOLIDS; NUTRIENTS;
CllLOROPHYLL A

ALGAL •LOOMS;
MACROPHYTES

WATERSHED

AREA;TOPOGRAPHY

GEOLOGY

LAND USE

FOLLOW-ON MONITORING

OTHER

-b'r_-_'; SPECIFIC GEOLOGY,
BIOLOGY Et CHEMISTRY;

WATER USES, etc.

REQUIREMENT FOR

LAKE CLASS PHASE I OR II

NPt

•T

POTENTIAL DATA ACQUISITION

L+MAP L+FIELD L+OTHER

e_

•S

NO L
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ACTIVITY 9

OTHER REMOTE

SENSING SYSTEMS:

RETROSPECT AND OUTLOOK

LEA RNING OBJECTIVES:

• Review the histoo' of remote sensing.

• Become aware o]" the scope and versati#ty of the several satellite remote sensotg systems already
#t orbit, especially those with setlsors operating ill other EM spectral regions.

• ,,lppreciate the mttltisensor approach by interrelating Landsat obsen'ations with data from other
satellite O'stems.

• Umlcrstand the basic lWittciph'x attd practices ttnderlyin_ the use of thermal infrared and radar
SC'IISOFS,

• Develop ]'amiliariO" with the o'pes of obsen'ations and interpretations emanating from the Nimbus,

lleat CapaciO' Mapphtg Mission, and Seasat programs.

• Pre,'icw sereral approred or proposed Earth resottrces-oriented missions #z the 1980 's.

fro_ EROS Data Center
$_ouX palls. SD 57198
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LANDSAT: YOUR PERSONAL OPINION

Let us begin this activity by asking you to

be introspective for a moment while you indulge
in a bit of whimsy. If you have pro_essed this

far through the workbook, you have most certainly
formed some rather firm ideas about Landsat and

its usefulness to your pro_am or professional
duties. One quick way to sense how you really feel

about Landsat is to give it a "nickname" or de-

scribe it by some phrase that seems to express your

appraisal-good or bad-of this "bird," as we in
the trade refer to our satellites. I, as the author, am

biased heavily in lhvor of this (to me) marvelous
information system. _ But perhaps you are not

impressed. Nevertheless, Landsat is worthy of some

appellation or slogan. Three occur to me: "Super-
sat"; "'A Satellite for all Seasons"; and "The Mir-

acle Worker." Challenge your wit to come tip with
your own nicknanle or phrase.

The point behind this bit of levity is, first, to
force you to take a stand on Lands,at-is it a re-

markable tcchnolo_cal advance, or not? But
second, and more subtle, as you sought a nickilame

you might just have dimpsed some fleeting

thoug!_ts that are lo_cal lead-Ms to the principal
sul_ject of this activity. Such the lghts are:

• Does Landsat do all the things for me
that I want':

• Arc there other ways to gain useful infor-

mation from space':

• What about other regions of the spec-
trum? Can some problems be solved, or

applications developed, by, say, looking at
the Earth with a microwave or a thermal

sensor?

• What is "'up there" now, or in the past,

or, we hope, in the foreseeable future,
that can supplement or even supersede

Landsat as a source of timely data for

Earth resources applications?

• Is Landsat the only "Supersat" among
the space "birds"? 2

These provocative questions deserve suitable

answers. This activity is designed to do just that:
in effect, to expand your vistas, as far as remote

sensing is conce;ned, to new horizons beyond
those we have been exploring with Landsat and

supporting aircraft prepares. We shall accomplish

this by first looking at the history of remote
sensing. Then we shaU review past satellite pro-
grams that provided useful information about the

Earth's surface. Next, we shall survey several recent

missions that specifically addressed research into

the value of other parts of the spectrum for a variety
of terrestrial and marine applications. Last, we
shall peek into the still uncertain future of remote

sensing by examining anticipated results from
several new approved or proposed satellite mis-
sions.

THE ORIGINS AND DEVELOPMENT OF

REMOTE SENSING

To set the stage, we have tried to organize the

main highlights in the history, of remote sensin,: ri-
te a summary outline, as presented in Table 9-1.3

Many of the events listed appear in retrospect to

IA Personal Note: Tile author, on record as a skeptic up to rite mo-

ment of launch of ERTS-I in mid-1972, was privileged to be

allIOng tile l|lOl'e titan ZOO scientists, enthneers, and managers

:.:athcred two days later in the NASA. Goddard Operational Control

('enter as tile sensors began to send back data and was the first to

see a processed Landmt inlage on a riewing screen. My transforma-

tion to a dedicated "'booster" was almost instantaneous. Within

minutes, tile ¢entr', _ idea for .Ihssfon to karth was conceived and

the ¢0mtnJti]lent to produce it _as made.

be relevant to Landsat and other NASA programs

that apply space technology to Earth resources

monitoring and management. The table is so arrang-
ed as to present the view that aerial photography,

traceable to the mid-1800's, has been the precursor
to modern remote sensing.

2"this last question should prompt you to an obvious play on a

famous saying if you had trouble with the nickname challenge,

namely, "Look. up in the sky; it's a 'bird." it's a plane, it's SU-

PEP.SAT!"

3This table has been adaoted from chapter 2. "Histor; of Remote

Sensug_.'" vol. I of the Manual of Remote Sensing, 1975.
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Table 9-1

Highlights in the History of Remote Sensing*

I. Photographic Methods

1759:
1839:

1840:
1850's:

1855:

1858:

1862:

1860's:

1870's:
1880's:

1895:

1895:
1900:

1903:
1909:

1909:

1910:
1915:

1917:
1920:

1923:
1924:

1930:
1930's:
1931:
1935:

1937:
1938:

1940:
1940

to

1943:
1941:

1940

to
1945:

First statements by Lambert (France) of principle_ underlying photogrammetry.
First ever photographs by Daguerre and Nepce, in France.

French used photos in making topographic maps.

Photographs important in documenting exploration of the U.S. West (through
1870's).

Maxwell proposed proof of trichromatic color vision by photographic experi-
ments ( 1861; Sutton).

Pictures oi Paris from camera,s mounted in free and captive balloons.

Du Hauron analyzed multis{_ectral _m_,gery with single-lens beam splitter tech-
nique.

Claims of photos for military observations from balloons during American Civil
War; none survive.

Simple additive color project:ion and viewing developed.

Cameras airborne on kites in England, France, Russia.

First color separations produced.
Photos used by Seville in topographical surveys in Canada.

Ives invented three-lens multispectral camera.
Cameras attached to carrier pigeons (see Figure S-6).

Wilbur Wright took first photos (movies) from an airplane.
Berthon's lenticular color film process for additive system.

Orel-Zeiss Stereoautograph: precursor to aerial stereo-photos.

Aerial photos used by British R.A.F. for reconnaissance, changing tactics of
work in W.W.I.

United States Signal Corps used aerial photos in Mexican border war.
Aerial photos used by petroleum geologists for exploration.

Zeiss Stereoplanegraph.
Multilayered color film developed.

First aerial spectrophotography of the Earth bv Krinov and collea_;ues (Russia).
Extensive use of aerial photos in Earth sciencesand agriculture.
Testing of aerial I R sensitive film from stratospheric balloon.
Kodachrome appeared on market.
Color film used in aerial surveys.

Bausch and Lomb multiplex photogrammetric plotter.
Kelsh plotters came into wide use.

Rapid advances in development of black-and-white and color IR (CIR) film for

camouflage detection and haze penetration.

Eardley's Aerial Photos: Their Use and/nterpretation published.

Tremendous strides in aerial photography and photogrammetry resulting from
W.W.II military needs.

*']_= tc=m "rcm0te sensing" is _Lsclf a rvl,_tsv¢l.v new c3tUon to the technical |cx_:on. It was corned by Ms. Ev¢|yn Ptuitt m the

1950's when she was with U_c U.S. Ottic¢ of Naval Rcsc_ch. 11_c term gcnctatl._ tmpLics that the scasol ts placed at some consld-
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"Fable9-1 (continued)

1944:
1944:

1947:

1950's:
1952:

1953:

1956:

1960's:

1960:

1960's:
1960:

1962:

1963:

1964:

1965:

1967:
1967:

1968:

1968:

1975:

First edition of ASP's Manual of Photogrammetry.

Military studies of water-depth penetration by two-band aerial photography.
Publication of Krinov's Spectral Reflectance Properties of Natural Materials.

Orthophoto mapping became popular.
Color aerial photos used in geological mapping.

Colwell (U.S.) demonstrated detection of disease and stress in vegetation

(published 1956).
Soviets published on _ectro-zonal photography for mapping soils.
Color film entered into common use in aerial photography.

Colwell's Manual of Photointerpretation and Ray's Aerial Photographs in Geo-

logic Interpretation and Mapping published.
Considerable activity ,,1multispectral photography applications.

Wheeler's colorvision additive multispectral system.
United States and Russian nine-lens multispectral cameras; Itek camera (ten lens)
in 1963.

USAF built Additive Color Viewer-Printer.

NASA inaugurated prograrrs in testing usefulness of multiband photography for
Earth resources.

Multispectral additive color system developed by Yost and Wenderoth.

Fi_t practical uses of UV photography.
Two-volume Earth Resources Surveys from Space prepared by U.S. Army

Corps of Engineers.
ASP's Manual of Color Aerial Photography.

S065 multispectral photography experimer, t on Apollo-9.
Publication of ASP's Manual of Remote Sensing.

II. Non-Photographic Sensor Systems

1800:
1879:

1889:

1916:
1930:

1940:

1950's:

1951:
1953:

1954:
1950's:

1956:
1960"s:

1968:

Discovery of the I R spectral region by _r William Herschel.
Use of the bolometeJr by Langley to make temperature measurements of electri-

cal objects.
Hertz demonstrated reflection of radio waves from solid objects.
Aircraft tracked in flight by Hoffman usinq thermopiles to detect heat effects.
Both British and Gerrnans work on systems to locate airplanes from their thermal

patterns at night.
Development of tracking incoherent radar systems by British and United States
to detect aircraft and ships during W.W.II.
Extensive studies of I R systems at University of Michigan and elsewhere.

First concepts of a moving coherent radar system.

Flight of an X-band coherent radar.
Formulation of synthetic aperture concept (SAR) in radar.

Research development of SLAR and SAR systems by Motorola, Philco, Good-

year, Raytheon, Philc:o and others.

Kozyrev originated Frauenhofer Line Discrimination concept.
Development of various detectors which allowed building of imaging and non-

imaging radiometers, scanners, spectrometers and polarirr.eters.
Descr;_tior, of d UV nitrogen gas la_er system to simulate luminescence.
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Table 9-1 (continued)

III. Space Imaging Systems

1891:

1908:

1946:

1957:
1960:

1961:

1964:

1965:

1965:
1965:

1966:

1967:

1972:
1972-3:

1975:

1978:

1978:

1979:

First proposal (Rahrmann) for using a rocket as a photo platform.

Maul (Germany) developed gyro-_abilized camera mounted on rocket (launched
by 1912).

Space pictures obtained horn V-2 rockets launched at White Sands Proving
G,ound (New Mexico).
Launch of Sputnik I by USSR.

Images obtained from U.S. meteorological satellite TIROS-I.

Orbital photographs from unmanned Mercury spacecraft MA-4, followed by

astronaut photographs from MA-8 and MA-9.
Nimbus research meteorological satellite program begins; "IV and other sensors.

First manned Gemini flight: (GT-3): with some color photos.

Gemini GT-4 space photography experiments.
Recommendation of E RTS (Landsat) program by U.S. Depa_nent of Interior
to NASA.

Launch of ATS series of geosynchronous satellites, with imaging sensors, followed
by SMS (GOES) series beginning in 1974.

Apollo missibn Earth-orbital flights (Apollo-6, -7) culminating in S065 multi-
spectral photography experiment on Apollo-9 (1968).
Launch of ERTS-1 (Land._at); Landsat-2 (1975); Landsat-3 (1978).

Skylab launch; series of experiments by astrm=auts with EREP (Earth Resources

Experiment Package).

Apollo-Soyuz flight; some photography.
Seasat-1 launched in June (failed after 99 days).

Heat Capacity Mapping Mission (HCMM), first AEM.
Nimbus-7 launched.

Gne attribute of aerial photos that makes them

particularly attractive tbr a host of appiications is
their inherently high resolution. Optical cameras

are capable of discerning-and usually also identify-
ing-objects oil tile ground as small as a few centi-
meters. This is especially true of large-scale photos

taken during low altitude aerial flights. However,
one occasionally _ces claims in the public press of

incredible resohation capabilities-such as spotting

a golf ball on a fairway or reading a license plate-
from cameras on military "spy" satellites that orbit

more than 160 km (100 miles)above tile Earth's

,-urface. In any event, most photo-calnera systems

routinely orovide coverage of small segments of the

ground _per photo) at resolutions that range from
less than 1 m to 5 tn or _eater. depending on

altitude and optics.
Ilowever, there are both "pluses and minuses."

or tradeoffs, in shifting a camera from air to space

platforms. Individual pictures or frames acquired
by aircraft seldom cover an area more than 250
km", _nd more typically enclose only a few tens of
square kilometers at the scales most frequently

used. To image large areas, tlzerefore, numerous
individual pictures must be obtained and then

mosaicked. Many problems are encountered in
producing mosaics.

-d. o

.-.9-1. List three such problems.

Recognition of the intrinsic benefits from imaging
large areas at one time and at some reasonable fie-

quency {repeat time) lies at the heart of the concept
of synoptic viewing from space satellites.

--9-2: Mention at least four practical uses or

advantages of viewing the Earth from space (refer

to ¢l,,CS,i_tl 2-52 tO recall your response to a simi-
lar inquiry).

331



Experience very early in the space : rogram con-
firmed the usefulness of and need Ior synoptic

imaging. It also verified a limitation that man:,, felt

intuitively would compromise tile value of the ob-

servations :'or many apphcations.

#9-3." ldenti/)' tltat limitation if you can.
(IIint." it begins with an "'r. ")

The name of the game" in those early days was to

define the types of observations that would best

be achieved from space and would be meaningful
at small scales and lower resolutions.

#9-4: Can you th#tk of nvo promising cate-

gories of Earth obserrations from space tha;
merit derelopment of sensor and satellite systems

optimized for such obserrations?

Examples of several types of observations made
both from tmmanned satellites and from manned

missions are portrayed in Figure 9-1.

Full Earth Views From Space

The hall-disc (actually. ahnost a hemisphere)

seen in Figure 9-1A is one of many fabled color

views of Earth as a planetary body: these views are
obtained in one of two ways. Straightforward

"'out-of-the-porthole" photographs of Earth were
taken by the astronauts en route to or from. or

circling, the Moon during each of the seven Apollo
hmar missions. However. images may be collected

on a daily basis from satellites "parked" in geosyn-

chronous orbits, i.e., orbiting the globe at: the same

:lngular velocity :is the equato_al rotational velocity
of the Earth itself. To accomplish this. a geosyn-
chronous satellite is nom_ally positioned in an or-

bit approximately 36.000 .<m above the surface.

In this configuration the _tetlite can continuously
view the same face of the Earth both day and night.

In geosynchronous satellites dedicated tc meteoro-
lo_cal observations, a varlet}" of sensors usually

operate tlirou_ an optical system to obtain time-

lapse imagery in the visible or thermal infrared.
The communcations satellites, another group, func-

tion as relay stations capable of line-of sight trans-
mission over most of the hemisphere.

The scene hi Figure O-IA was obtained by
ATS-3 (launched in November 1967 and still oper-

ating as of early 1981), one of the six Application

Technology Satellites flown by NASA. This series
was desi_led primarily for commt|nicaticns experi-

ments such as setting up links between widely sep-

arated countries or parts of a Wen country (e.g..

ln.tia) to operate educational qworkshops in the
"'boondock.;"_ and medical ;"do,:_o,s ,.,all"; i,;ic-

conferences. Meteorological experiments were a!so

conducted from those platforms. The view shown

here. coverin2 all of South America, much of North

America and a vast expanse in the Pacific, was con-
structed from a multicolor spin-scan camera used
to monitor cloud cover and track weather fronts

and other patterns of atmospheric circulation. The
ATS series has _ven way to the SMS or Synchro-

nous Mete'_rological Satellite prod'am conductecl
cooperative_ ' between NASA and NOAA. NASA's

SMS will suppt_rt NOAA's GOES, or Global Opera-

tional l:_nviror, mec, tal Satellite, t-'-o_am as part of
the international effort to mount a World Weather

Watch.

This type of _tellite provides an exceptional
opportunity for still another mode of operation of

an Earfl_ resources observation system. Through
the use of a pointable telescope with a long focal
length (e.g.. 3 m) and zoom capability, small areas

of the hemisphere may be examined at will in real

time by using multispectral sensors with sufficient

resohttion (100 m or better) to perform many of
the same kinds of observations now done from

Landsat. Recommendations to orbit up to six SEOS

or Synchronous Earth Observations Satellites. pro-
viding ahnost total global coverage, have been

made. but no pro_am to implement this has yet
been authorized.

=9-5: Suggest at least ]bur practical uses for a

SEOS capable of obsen'ing selected areas on the
Earth "s_ttrt'ace on command, or at least daily, which

catlnot c'urrt'ttr O he acctsitt_lisJled with the
Landsats.



Astronaut

l'he scent depicted in Figure t}-I B consists of

,blique lla|llr, il color p[io|o looking from space

km (400 miles) northward across North

diml and Virginia toward the I)eliuarva

nsula, eastern New Jersey, and Long Island in

dislilnce. This is olle of iil;lily sucll i_holos

'is by lhe il_ll'Oll:ilil crl:w of :\l_t)llo -t) in March

<i. Tile SOil5 experiiilent duriilg lhlil nlission

,IvL'd illiillispecli'al i_hololraph) ' froill I'oiir

ni:l Ilasselblad c:lnierii.,,; fixed ill ;I frilllie

_nled ag:linsl lhc spiic¢cr:il'l porthole window.

c;iillt'r;is used i_;inchronllitic Iiliu with red dntl

•ll fillers, illld ii Ihird u.,,led black iilltl while IR

: with All :ipt_rol_riaic infr:lred filler, l'ogelher,

.c' protltlCC iOtlt_h equk, li!c'lll_ to lilt" black lind

le Liindsiil-I images niade with lhe RIIV

wras. These I liissell_lad pholo._ h',ive beell t'oiii-

•d by :iddilive Icchniqucs siluilar io those de-

iced Oil page t)4 I o prod uce false color COlllpOSiles.

Photography

File resulting products conlpared 13vorably wilh-

in fact were superior to-the color IR fihn photos

obtained with the fourth Ilag,;elblad. Most of

tile four-camera array series from Apollo-9 were

essentially "'straight down" pictures laken close to

ll_e vertical. The orbits IbUowed by Apollo went

only :is far mirth ;is 34 <'. well below the lalitudes

of the New ,h:rsey and II:irrisburg scenes now

Ihmili:ir to us. I lowever, glimpses of nlore northerly

;ire:is were provided by pointing a haildheid llassel-

bl:ld, usually conl:iiiliilg a mag;izine of color

film, obliquely olll of tile winduw.

¢.?-f_: Rl'tnl'mbcr I.Ihll lht" I_llohl sholl'#l ill

I"_k'ure ?-ill /.s"ill #tatural color, .Vole, holl'¢'rt'r,/hi'

Illlllll'r¢;,llS pittkgh-I_roictt _lrl'_l$ oil Iht" gmuttd

(n.ainl.r in the h_ll't'r hJ't). 7rTtis rescmbh's the fitlse

color si,k'ntlllt#'i' oJ" ri'gl'htliott, bill i.T#l'l' 1tTtal arc

volt really hi.khig ,lt:'

M eteorological Satellites

HIe lower pair tit" i;iliiges ill I:igure t)-I ;ire

,idt llrodut'l;, ol'_l,iliiCd dilltile 1',_,o _illlllils

_ioils. NiilibilS rt, fers Io :i I':iiilil)' of "Mei.,_ils"

igilt, ll mid ni;ili;igt'd ;il tlodd;ird .ql_;it'o Flight

_lcr ;is ;l nl;iin._l;iy in Ihe cxperinlciH,il i_iogriull

eloped within NASA for nleieorological re-

_ch. This progr;lill was initiated in I_58, shortly
.r lh¢ birlh of Alilericas's space i_logr;llll _111

ill geilcralIv lied Ill ils siiccessftil kiunch of

iqorc'i'-I, rhe I]rxl Nil;titus was I:iullched in It)ll4

ul \;;llltlclll)t'rg Air I:Ol'ce Base ill ('alifornia. The

,d_lis w'hi¢lc is t'sscil!i;llly lhe s',inle sp;Icecral'l

,1 ill lhc L;iild._il progr;iin cxcepl for lho l;lller's

,ropri,il¢ .modilqcation to ',lfCOnlllltiti;llC the .%ISS

t RBV payloads. ,'¢,hlce I_)t_4, seVCll Ninlbu_

,'llitcs have been successl]!lly placed in orbit.

Unlike their prcdeeessors, the 1"11_()._
'levisioil-liifrared Obscrv;ilio.q ,_ai¢llilel st,Pies,

Siiiibtis s;ilt-Ililcs Ila_e ;in :idv;iilced slalQlii,ilion

Idlll lh;ll keeps their scnsol-s locked or aligned

wilhin I e ,_1" il;itlir, l_ikc Laiiilsal. ;i ,Niillbus is

! inlo ;i ne;irIv ¢ircul;Ir :lild pol;ir _iin s)nehio-
_is ,_rbit. Yhe orbital altitude, close io I I Ill kill

(f_()0 _lailiical illiles), 4 f;P,'ors a local ilOOli Iiill¢

pass duriiig Ihc ilOl'lhl_oilild _;e,.'lllt'lll of lhe orl_il.

A c'oltsider:ible v;iriel)' of sen,;ors operalt, on tile

difforcill i_issions. These sell_)rs incliide eanler;is

ten-'., II)('S or IIil,lg7 I)isscctor C;illler;l Syslelll),

radiolnelt'rs (e.g., I IRI R or I ligh Rcsohlllon hlfrared

Radiollleici; TI'IIR. tit Tcinl_cralure-ilunlidity

Infrared Radiolli,-ter). and Almospheri¢ Sollnders

{e.g., '1I/IS or Infrared hlterfcronleter Spectrometer;

BUV, or llackscaiter Ultr:iviolet Spectrometer),

The sensors were selecled to facilitate obser-

valioils ;ind ill¢;ISllrellleilts over large areas within

the ,iinlost,,lere. l)epentling oil the specific sensor

;llltl IlliSSiOI1, picture dillleilsions from inlaging

caiucras arc typically of tile order of "100 kiu X

2100 knl or 2700 kill × 2700 knl Isome cover

siuallcr areas], and swath widths ("l\lotprints') of

seine radio;utters range up to 7 ! O0 knl Obviously,

the resohlliOll :it the stibmllcllile pohit is ¢onlpara-

4Nimliu_-I (,tiled to .1¢11i¢','_: llli_i t_lbti .uld pas_'d to within 422 kin

t22g n nlii durlnl_ it_ pcilgt'x'.
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tivelylow for thesesensors.Imagingsystemspro-
ducedresolutionsfronl330m (Nimbus-Iatperi-
gee)to3.3kmt\_r vidicon cameras to 3.3 to 7.7 km

for IIRIR and 74 to 150 km l\)r IRIS. Tiros, typical

scenes cover iarge areas within continents or open

ocean, in which tile details of stirface l'ealtlres are

lost at the expense of encmnpassing first-order fea-

tures of regional scale. One can see motmtain ranges

(and sometimes major valleys within them), large

lakes, broad deserts, alld agricultural activities along

rivers, but little else of interest to tile Earth re-

sources speciali.,,t. Nevertheless, some valuable ob-

servations were recorded and served to support

arguments favoring the use of higher resolt, tion

satellites to monitor regional I_,atures. Several large

geological faults were discovered, phenological

(seasonal) clumges !n vegetation growth (tile "green

wilve") were docllmt, nted, sllow cover extent was

mapped, ice shelw.'s and sea ice were monitored,

and sediment anti current tnovelnents in klrge lakes

and the oceans were followed.

._0-/. ('an you th'nk of t/tree otht'r types of

surfiwe features likely to tw ohserralde .f?.mt a

.\'indms satellitc '

File color-enhanced (density-sliced)map of

the Arctic region shown in Figure 9-IC is a splendid

example cff tile kind of sophisticated data returned

from a specialized sensor on Nimbus-3. The ESMR

{for I/Icctrically Scanned Microwave Radiometer)

on that satellite sensed radio brightness tempera-

lures to am accuracy of +-3°K. This temperature is a

r.ldianl quantity proportional to tile surf\ice (kinet-

ic1 temperature and the emissivity of tile material(s)

making up the surface. The data ceils (squares rep-

resenting 30-kin resolution elements) in this map

record average brightness lemper:ltures thai extend

through a range from less tham 182°K to more than

282°K. The microwave ( 1.55 cm)data were averaged

twer :t period of three days. In general, continental

surfaces show the highest brightness temperatures

owing to higher emissivities for soil and vegetation.

(;ross variations in soil moisture Ipmducing lower

tenlperatt|rcs) may be detected, iiSMR has been

especially effective in recording conditions in the

polar region. Open ocean may be readily dis-

tmguished fronl sea ice: first year seal ice is often

separable from oklcr ice..llkl the development of

le:lds {bre:lksl in the ice is diso'r,fible

#9-8: Despite the time of )'ear (late August).

ice persists in the reghms around the North Pole.

What is :he temperature range associated with this

ice? Parts of the open ocean are marked by bright-

hess tentperatttre$ as low as 135 to 155°K. This is

notably cohh'r than the sea ice ]hrther north. Yet

ice. ]?ore mw _ experience, is comer than water.

.'lt't'Olllll for this pam,h'x.

In Figure 9-1 D, a large deep blue patch corre-

lates with a huge oil slick detailed by the Coastal

Zone Color Scanner on Nimbus-7 (see p. 338). This

is direct evidence of the massive spill from lxtoc !,

an offshore well in the Mexican field in the Bay of

C:nnpeche northeast of Cuidad del Carmen and

'l'anqqco. That spill, which followed a blow-cut on

2une 3. 197q, persisted well into 1980 as the largest

ever to contaminate tile open seas. Tile spill has

also been detected in Landsat imagery, but only

after careful reprocessing of digital data. Tile fine

globules el" oil cause a rise in reflectance of just i

to 2 DN units relative to uncontanfinated ocean

water. A drastic contrast stretch was needed to

highlight the spill from the surrounding waters.

#9-9.. �low might such obserratimls of spills

he used in ,i t_ractit'ai way (from both enriron-

mental and h'gal standpoints)?

Figure 9-2A shows a large section of the cast-

ern half of the United States as imaged by the Di-

rect Reading Infrared Radiometer (DRIR: a real-

time [not tape recorded l readout version of tiRIR)

on Nimbus-3. The resolution is 8.9 km (5.6 miles_

aiR| the swath width is 7q00 km (4937 ntilesL Tills

tlayti:ne view shows a flat response (little contrast)

in tile 3.4 to 4.2 _m interval tin the transitional re-

gio,, between: reflected and entitled radiation)

sensed by this instrument. Note that this thermal

image shows clouds (horny, lily cooler) printed in

light gray tones, and land surface and water (warm-

er) in dark tones-a convention adopted by meteor-

ologists to display clouds as wlfite, as commonly

seen ill visible light imagery. Other satellites, such

as NOAA-6 (TIROS series), send back multichan-

nel data at high enough resolution to be utilized in

some specialized Earth Resources Applications

(Figure 9-2BL

#q-tO." II'hen compared with standard map

t_rl_i_.t.ti,_ll _. ill,. _1 il ,*¢ "..... t .ttl..t.o '.ff the cq::t'etct:: a;tdnlanl"j , , . _. o
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ORIGINAl; P/itRW'
COLOR PHOTOGRAPH

A

C

Figure 9-1A. ATS-3 image of full Earth disc; B. Apollo-9 oblique photo of eastern U.S. coastal region;C. Nimbus-5 ESMR

color-coded display of north polar region brightness temperatures; D. Nimbus-7 CZCS image of Mexican oil spill (see text).
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BLACKAI'_DWl.,ll_lzPt.lo_

Fig',:s 9 2A. E:s_,_-rn U.S. _-_d Czn__da im_g,_d b_/the DRIR on Nimbus.3.
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Figure 9-2B. A color coded Vegetation Index (V I) map derived from data obtained by the NOAA-6 AVHRR sensor on

June 21, 1980 (orbit 5115). The area covered extends from Lakes Erie and Ontario to New Jersey, including most of

study areas considered in this workbook. The four AVHRR channels (Ch) operate in wavebands (I) 0.55 -0.68/_m, (2)

0.72 - 1.1 _m, (3) 3.3 - 3.6 _m, and (4) 10.4 - 11.5/Jm; spatial resolution ;s 1.1 km. The VI data are calculated as the

ratio: Ch 2 - Ch 1/Ch 2 + Ch 1. The reds and oranges in this map correlate well with extensive and continuous forest

(canopy) cover whereas the green and medium blue correspond to areas of moderate to light vegetation including crop-

lands and meadows. Dark btue depicts both water and cloud cover (upper right corner). White latitude and long;rude

lines are located on the image relative to the projection used. Courtesy J. Tucker, NASA GSFC.
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rt'co.t,'Hi:atqt' fi'atttrt's ipl the intt'rlor Ism'h as the

(,rt'at L,lkt's) show rt'u' t'vhlt'tlf distorth_tls, Why is

this .so ? (ltint: Keep the scah" and tht' geomctry of"

tilt" surfdce ill mind.)

The Reststrahlen Principle (SCMR). An experi-

ment was approved tbr flight on Nimbus-5 that

takes advantage of tile "'rcststrahlen'" efl\-ct to

make qualitative estimates of the silica composi-

tion of soils at'ld rocks. The conceFt of reststrahlen

or "'residual rays," refers to reduction of thermal

radiation (decreased emission) in the 8 to 14 ,urn

region of the IR. In this intetwal, emitted energy

from silica tSiO, ) ;intl :;iiicates is variably infh]e:lced

by resommce vibrations associated with silica tetra-

hedra ,.s|wcificall.v. with silicon-oxygen bGiids).

Spectral signatures of silicate minerals and silicate

rocks m the S to 14 _m range reveal at least one

prominent drop in emissivity at some characteristic

wavelength. This emissivity "'trough" shifts towards

lower wavelengthsas the silica content of the miner-

al or rock increases. Other factors enter in to make

the determination of silica t:ar more complex than

implied in the previous statement, but the abdity

to separate tfitrabasic (SiO, < 40 percent) trom

basic (silica content > 40 i_ercent -< 55 percentS,,

:llld these frotll silicic _SiO, > 05 perceat) rocks. 5

has beet_ demonstrated t'ro'm tlleasttretlletlts nladt2

b', a (v,'o-balld r:|dit',llleter flown on a Iow-altittttle

:lirtqalle. l".ach band provides a nleast2re of radiant

tetuperatures t'roln the same target. Tl_ese tempera-

titres will difl\'r, depemlit_g on the emissivity sensed

in each interval, which in turn may be moderated

b._ the reststrahlen effect. Thus. a siIicic rock has

reduced emiltanc¢ (cxcitancc) in the S to 0.5 ,urn

range, whereas a basic rock will show lower emil-

tahoe in the 10 _o 12 tan, range. Ratios of emit-

lances measured in tl_es¢ two intervals are there-

fore sensitive to compositional differences.

A two-band (8.4 to 9.5 /am and 10.2 to

11.4 am_ radiometer, called SCMR [for Surface

Composition Mapping Radiometer'_. was included

in the Ninlbu.,-5 payload. Unfortunately. this in-

strument (with cooled detectorsl failed within a

month after lat2nch. Useful data were returned and.

despite limited an:d._ sis, tend to confirm the capa-

btlit.v of sensing compositional variations from

space. Figure 0-3A reproduces the SCMR image of

part of the Caribbean. taken with the 8.4 to q.5

t,_,.S'l ,_rll ¢_ia,i,t¢/ dt, ri,ig the ::ig,_: '. T?'e t'aram'-':'-'r

ho n is,aural t -.h,r,..,,,.,_ r,,hcr than emissivity.

The temperature range extending from 2_5 to

305°K may be displayed in a color-coded map

(Figure q-3B'_.

#9-11." If'hat are the bh," am/green patterns

orer opcpt waters rlorlht'a$t gild solithwest o.f

kTorida? It'hh'h is cooh'r at this time o.f orbital

Ol'¢rI)tlS$, the lalltl or the oceatI$?

=9-12: Comment oft the thermal patterns

evident bt marine waters off Florida. the Bahamas

and Cuba.

The CZCS (Nimbus-7). The latest in the series.

Nimbus-7. launched in October 1o78, carries nine

sensors capable of monitoring several vital aspects

of the Earth enviromncnt. In keeping with its

mete_rologieal role, eight of the sensors were

designed to make important measurements within

t he at mosphere. These sensors arc:

• Earth Radiation Budget tERB).

• Limb Infrared Monitoring of the Strato-

sphere (LIMS).

• Stratospheric and ,'t.lesospheric Sounder
(SAMS).

• Stratospheric Aerosol .Measurement Radiom-

eter (3AM ID.

• So:inn!he Multichaanel Microwave Radiom-

eter _SM.MR).

• Solar and Backscatter Ultraviolet Spectrom-

eter tSBUV'_.

• Total Ozone Mapping S)',_tel)) (TOMS).

• Temperature Humidity Infrared Radiom-

eter _THIR).

Some of these sensors provide new categories

of information never before acquired from space

platforms.

5Rocks of mtcrmedutc sdl,:a ¢on:cnt _bct_ccn 55 Fcrccnl and 65

percenD _r,'e ambiguous results; this IS ¢;iu_cd b.', palttal loss

of signal in Ib¢ q.3 to 10.4 _m interval o_ang to ab_rpl_on b._
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Figure 9-3A. Nimbus-5 SCMR nighttime IR image of Florida, the Bahamas,

and Cuba, recorded on December 24, 1972 (orbit 173).

Figure 9-3B. Color-coded temperature map of land, water, and cloud features in above scene

(corrected geometrically).
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l'hc ninth sensor+ the Co:l,_t;tl 7.role Color

Sc;imlcr tC/('S'I, is of particular interest to F.arth

resources specialists ill that it sends back vahlable

data till living nutrients in coastal and deeper marine

waters. The principal tbod supply for higher lilZ'

t'ortns iu the oce;itls consists of phytoplankton-

iIIiCI'OSCO{'_iC plants tim; photosynthesize chemicals

in sea water. This process depends oil tile plankton's

content of chh.woph.vll a, a pigment that stronfw

absorbs blue alld red light. As pLulkton concentra-

tions increase there will be ,i corresponding rise ip,

t he spectral nldiance peaked in t he green. U pwelling

masses of water tusu;illy associated with thermal

convection) containing phytopl;inkton will take oil

green hues, in COlltr;.IS[ tO the deep t_lues of oc¢;.lll

water with l_+x+,' nutrients or other particulates.

I'he C/CS contains five channels chosen to

cenler oil spectral bands sensitive to chlroph.vll a

effects :llltl olher diagtlostic cob)r phellOlllena, Two

I_;inds ;ire lot:lied ;.it 443 and _70 tun, +' ill regions

of high chlorophyll a absorption. Two other

u;irrow t20-n,u width'l bands are centered ;it 520

and 570 nnl, ill regions where variations in radi:mce

resillting froln changing cl',lorolqlyll ¢oncentratio,,

,ire tliitlhiial. :% fiflh broader (I00 ill:i) bailtl is

cL'ltlered al ?St) Ilin Liust ill lhe iilfrared). A Sixlh

b;liid ill Ihe It).5 to 12 ,Ulll rt'gion :ll¢:islires siirl'acl"

l¢lllperalures ;is hldicators of upwelling. The fotir

shorter wavelength bands h;iv¢ high r:idionletric

_ensilivil{ 's ICZ('S b;ind 4 1o'0 illll] is O0 tithes

Inore sensitive to silt;ill v;iri,lliOns in radiance than

L;illd,;ai ,%l.'qSbaild .¢,),

I!x;ililples of inlages prothiced frolll indi-

vidu:il bands till ('ZCS ;ire givell hl the next three

l'igtires. In :i frill scene, ihc swath width is abt)tii

l l_t)O kin I 1OOO ntiles_; in;ixinlilin rt'sohllioil ;il

nadir is eli. 825 Ill t2720 ftL

Figures ti---I.A through C show tile Atlantic

Oct:ill ;:round (;eorges Bank off the New |:AIgl:lnd

shoreline :is iinaged fronl bands :it 443. 520, and

o70 ntn t3, 2, ;lild I in tile ailnotationL Two color

conlposiles ;with colors indicated in lilt' legendl

were hi:de till the II)l.%lS inter;let:re coniptitcr

tFigurcs <1-41) and I"L l'h¢ colols in Figure 941-

reS¢lllb]d the II,llllr, ll color O|" lilt' OC¢;iil; IIol¢ []lal

the hind has beoil nl;id,2 to ;ippe:lr black I by lhres-

holding out its range of brightnesse,;) while lilt"

clouds froward I)OllOlll) retain their white tent's.

Figure o41) is ;i false co)lot rendition that St'rillS IO

better define va:iatiom; (in red kilt's) of particulates

in the fanlous fislling grounds of Georges Bank.

After proper processing and correlation with

field data toccata truthL CZCS data have proved

renlarkably eftk'ctive in.estintating the distribution

of alid changes ill chlorophyll a content, and hence

variations in phytoplankloll donlenl, within lllarine

waters. Consitler Figure c_-5. Tills scene covers

much of the Gulf of Mexico and surrotulding ;and

masses ;is imaged by CZCS oil November 2. I078. 7

An algorithnl was applied to conlputer-processed

data to remove the backscatter contribution from

aerosols in tile alnlosphere to tile measured radi-

ances. A second algorithnl computes chlorophyll a

concentration by ratioing CZCS bands I 1443 Iltlil

to 3 t570 nmL To make a color composite t\)r the

ocean, band I is assigned a bhle color, band 2 t520
nml a green color, and band 4 I,o70 nln) a red

color, l'he colors associated with the land and the

cloutls were hi:de by combining bands I. 2 and 3

data in bhte, green, and red colors respectively for

those pixels identified with these two classes;

pixels for open water areas are ornitted fronl this

step by ;i threshoM alger:thin, which uses band 5

(near zero re|'l¢ctanccs froni water in the IR) to

lll:lsk thenl out.

Flit" coilcelllralions of chh)rol_h)'ll a from

0.05 It) 1.00 ing/nl 3 are showl: in the ¢olor<oded

st;lie :it lilt" base el" Figure o-5. Concentrations
, 1

above 1.0 rag. m were not determined with accept-

able zccur:icy and at-, rendered in red-brown. Itow-

ever. in a computer an;tlysis of CZCS data acquired

later in November, It)7S, more accurate rcstllts for

the area off the West Coast of Florida were obtained

by using additiollal algorithnls. Fo check these

resuhs. ;i set o|" concentration changes were mea-

suretl along a sanlpling trick of a boat tit;it ,sailed

ahnost ilnmediately after the Nimbus overpass.

These nleasurcmerlls were lbund to correspond

quite well to the later estimates ;made I'ronl the

CZCS data) of conLentration along that track.

%%nothct ,:onvenicnt unil for wivelel_tll is the nltnol_lclfl {nmL

or 10 3 _ln. l"hus, o00 mn is equivalent to O.b _m.

7 l'his figure and related data iak¢n from tie;don. II.A.. D.K. Clark.

J.L. Mueller, and W.A. Ihwls. "'Phytopl.,lnkton l_llnlent$ I'_rlved

froln the Nilnbus-7 ('ZCS: Initial t'ompiri._ns with Su,rfac'¢ Mt-.i-

sutemcnls," Sl-tt'pll't'. V. 2 Ill. pp. b3-e,o, I._-t. 3. IqSO.
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Figu,e 9-4. Images of Georges Bank open ocean area, made from data acquired by CZCS

on Nimbus-/, June 6, 1979. A. Red band; B. Green band; C. Blue band; D and E. False

color.
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YUCATAN

CHLOROPHYLL,_ . PHAE(.)PI{._MENTS,_,,\;G &:3,

Figure 9 5. Estimate of Chlnrr_nhyll ,,1and Phacomaments a copcentrations in Gulf of Mexico waters, made from CZCS

data obtained on November 6, 1978.
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#9-13: Where wouM you send the fishing

boats in the scene depicted in Figure 9-5, assuming

that you processed the CZCS data in near-real
time?

Computer manipulation of gray levels in the

individual band images may improve the contrasts
within CZCS images. The spectacular view of the

eastern United States and southern Canada shown

in Figure 9-6 was produced from band 1 (443 rim)
expanded by a factor of 2 and projected through

blue, band 2 (520 nm) projected through green,
and band 5 (750 nm) expanded by a factor of 3

and projected through red. A small part of the

eastern Pennsylvania area we have been studying
appears at the bottom.

THERMAL IR SYSTEMS

So far in this activity, we have looked at low
resoluttod images produced from sensors that

operate over several regions of the spectrum, from

the near UV-visible boundary to the mic,'owave.
We shall next focus our attention on higher resolu-

tion data for the thernml IR re,on.

Review of Concepts

The thermal emission region between 8 and
14 /am can reveal much about various types of

materials, as we have already seen l'rom our con-

sideration of brightness temperatures measured by
a variety of Nimbus sensors. Before working

through the next few paragraphs, reread the dis-
cussion on thermal principles present,:d on pp. 27 to

28. So:ne of the concepts treated there will be

reviewed in more depth now. while others remain

implicit but important.

Temperature is a measure of the concentration
of heat. Heat is an indication of,he kinetic energy
within a collection of atoms and molecules making

up a material body (such as a solid with finite
boundaries, but also liquids and gases without

definite shapes or dimensions). This energy stems
from the random motions of oscillating or other-

wise moving atomic particles. Collisions among
these particles lead to changes in energy, which

may be emitted as radiation. The radiant tempera-

rare T g is related to the kinetic temperature T K
by the relation T R = e'i T K . where e is the emissi-
vity. Emissivity is a dimensionless number between

0 and 1 calculated as the ratio of FR/F a. where

FR is the radiant fhlx of a real body and F a is the
flux of an ideal blackbody (perfect emitter). A high
value of e (0.80 to 1.00) describes a high efficiency

of a substance in its ability to absorb and emit

radiant energy. Thus, the radiant temperature is

significantly higher for a blackened surface (high e)

than for a shiny surface (low e). even if the under-
lying materials are at the same kinetic temperature;

for real materials (e < I). the radiant temperature
measured at the surface is always less than the

kinetic temperature of the body.
Heat may be transferred from surficial layers

of the Earth (which arc heated internally, as from
the geothernaal heat of the Earth. and/or

externally, as front the Sun or a fire) by conduc-

tion, convection, and radiation. A thermal sensor

picks up radiant emitted energy from a surface
target that has been heated through radiation (solar
insolation), convection (atmosphere), and conduc-
tion (ground). For a body at a given kinetic tem-

perature, there is some wavelength, corresponding

to a maximum radiant temperature, which marks
the peak output of radiant power. This wavelength

is determined by Wien's Displacement Law (p.28).
for the Sun (photosphere radiant temperature of

ca 6000°K), the peak is in the visible (ca 0.55/_m);

for the Earth as a radiator, this peak iswithin the 8

to 14 tam interval:and, fora burning forest thepeak
is around 5.0 _m.

Temperature Measurements. The branch of remote
sensing in which measurements of temperatures of
surface features are considered is called ther-

mography. Fortunately for remote sensing, the
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thermal waveband regions of practical interest

correspond to windows of reduced atmospheric
absorption and also lie within the response range of

several types of detectors. For scanners designed to
sense in the 8 to 14 tam interval, the detector is

usually a mercury-cadmium-telluride (HgCdTe)

alloy that acts as a photoconductor in response to

incoming photons with a range of energies in
this thermal region. Efficient operation requires

cooling of the detector to temperatures less than
100°K. This is done either with coolirg a_,ellt:_,

such as liquid nitrogen or helium in appropriate

containers, or, for spacecraft, with radiant coo]i,;g
systems that take advantage of the cold vact_um of

outer space. The coohng is necessary to improve
the signal-to-noise ratio (S/N) of the detector to a

level at which it has a usable signal response. Signal

modulations, representing changes in the magnitude

of the radiant energy along each scan sweep, are

reproduced as amplified electrical signals to be
transmitted or stored and subsequently converted

into a suitable data medium (e.g., Fdm or magnetic

tape). If the ultimate medium is black and white
fihn, the convention is to use light tones or gray

levels on a film positive to indicate warmer tem-

peratures and dark tones tbr cooler temperatures.
To obtain a quantitati,_e expression of radiant

temperatures, the detector output must be cali-
brated. A thermistor or some other controlled tem-

perature output device is located in the scanner

and is sampled intermittently at some portion of
the scanning cycle when active measurements are

not being made. Calibration sources at different

temperatures near the extreme expected from the

Figure 9-R. A quasi-r, aturaI color rendition of portions of the eastern U.S. and Canada imaged by the CZCS (bands used de-

scribed in text).
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ground are used to provide a correction function.
The radiant temperatures reported tbr a surface are

not normally converted to kinetic temperatures

because emissivities of the diverse surface materials

are not sufficiently well known to permit this
determination.

Interpretation of Thermal Images

Other factors must be considered in inter-

preting thermal imagery. Topography, particularly
shape, slope angle and orientation (aspect), is one
example. Near surface atmospheric conditions can

make a significant ,'ontribution to the thermal sig-
natures as measured. Thus, effects of winds, humid-

ity, and other meteorolo_cal influences should be

removed if more accurate tent pera tu res are required,
but this is seldom attempted unless data from

ground stations are acquired simultaneously.
Electronic noise in the sensor may add significant

perturbations to the signal; they are commonly
expressed as regular patterns superimposed on the

image product. Attitude changes (roll, pitch, yaw)

of the air or space platform during flight often lead

to pronounced geometrical distortions in the
thermal imagery. These are minimized by using

attitude control systems (e.g., a gyroscope) to

maintain stability by detecting and correcting for
variations within the control limits. Systematic

distortioas, such as tangential or lateral scale

changes in directions normal or at angles to the
flight line (which compress and curve regular

geometrical features), may be removed by methods

common to photo_ammetry or by computer

processing.
The most critical factor in analyzing thermal

data is that of knowing the physical and temporal
conditions under which the surface is heated. Heat

from the Earth's interior tends to flow through the
surface at a nearly constant rate, and makes only a

small contribution compared with thermal effects

from the Sun and sky. Materials at and just below

the surface are largely heated during the day by
incoming solar radiation and heat transfer front

the air: temperatures drop at night primarily by
radiative cooling. Dur:ng a single diurnal (daily)

cycle, the near surface layers (usually of uncon-

solidated soils) experience alternate heating and
cooling to depths typically between 50 and 100
cm. Over the annual seasons, sntall changes in tem-

perature occur to depths of I0 to 20 m m sucll

materials. The daily mean surface temperature is
commonly near the mean air temperature. Ob-

served temperature changes are induced mainly

by changes in the diurnal solz_ heating cycle,
but seasonal average temperature. _ad local meteor-

ological conditions also influence the cycle from

day to day. The curves shown in Figure 9-7 depict
the qualitative changes in radiant temperature

during a twenty-four hour cycle, b_inning and
ending at local midnight, for five generalized classes

of materials tbund at the surface. This temperature

range is mainly a function of the thermal history
and the physical properties of the materials absorb-
ing and re-emitting the solar radiation. From

these curves, one may deduce the expected relative

gray levels representing different surface materials

classes displayed in thermal images acquired at
different times in the diurnal cycle.

wJ
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Figure 9-7. Changes in radiant temperatures of 5 surface

cover types during a 24-hour thermal cycle. From Remote

Sensing: Principles and Interpretation by F. F. Sabins, Jr.,

W. H. Freeman and Company, Copyright © 1978.

#9-14." Keep in mind that, when sensed by
a detector, higher radiant temperatures generate

larger signals. When transduced to an optical output
recorded on film positire, the range of signal mag-

nitudes is expressed by light gray lerels (darkest
densities on a fihn negatire).for highest tempera-

tures to dark gray for lowest temperatures, tlow-
erer. the gray £'rels at any one thne are relative to

Die temperature ra/tge i_ llte scc/tc at that time of
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day. A dark gray at 1300 hours and another at

2100 hours _h) not necessarily represet,t the same

temperature. Referring to Figure 9-'/, predict the
r:lative gray level. #_ steps of (1) light gray, (2)

mediunr gray. (3) dark gra.r. (4) blackish, on a posi-

tire print fi_r the three classes stated below at the
indicated times, u_ing this format:

Time

Class

Rock/Sand

I'egetation

Water

04:00 10:00 13:00 21:00

#9-15. What time(s) of day is there a mad'i-

mum thermal contrast (difference in radiant tem-

peratures)? Suggest two conrenient times to fly a

day-night aircraft mission. What thne(s) should be
arohted? These are termed thermal crossorer times.

W/O' ?

_malysis of Aerial Thermal Imagery. You should

now know enough to look at a series of thermal

images taken at different times by an aircraft-
mounted sensor. Examine Figure 9-8. The site

shown is a power plant complex on the cast bank

of the Delaware River south of Philadelphia (you

can quite easily locate the small jutty of land con-
raining the site within Figure 2-4B). The images
were collected on December 28 and 29, 1979,

under clear skies, from an altitude of about 1800 m

t5500 t't). Data were collected by Daedalus Enter-
prises, Inc.. of Ann Arbor, Michigan, on their DS-
1230 system by using a 1.7 mrad HgCdTe detector
with an 8.5 to I 1.0/am response. The t:'dal condi-

tions at acquisition were:

Top: Flood tide 08:00 hrs. Air temp - 9°C

2nd: Low Title 05:59 hrs Air temp - 9°C

3rd: i:bb Tide 14:20 hrs. Air temp - 2"C
Bottom: HighTide 10:59hrs. Airtemp -4°C

Each image was processed to emFhasize the,'mal
differences in the water; this tends to aarken and
diminish details on that surface.

#9.16: Which t#ne(s) show .e best apparent
thcrrnal contrast in the river water? On the land?

At what time is the interior land drainage best

de/Tried?

#9-17: From Figure 9-7 it is evident that

ma.rimum therrhal contrast should occur shortly

after noon. Comparc the ebb and high tide image
in Figure 9-8. Which shows greatest contrast?

Explain the apparent contradiction.

#9-18: Circle the "hot" area(s) on the power
plant site. Which part of the plant would account

]or this?

_9-19: Can you explain tZle light colored

phlme hl the river just off the power plant site,
which was the main target of the aircraft mission?

#9-20: Speculate on why the plume moves
upstream in the top two figures, and more or less

downstream ht the bottom two (Wanting: the low
title case is trick:r).

=9-21: Why are air temperantres recorded
during the flight?

Another set of themlal images is reproduced

in Figure 9-9. All x, ere acquired by the Reconofax
IV thermal infrared scanner (9-15/am range), oper-
ated from the NASA NC-130 aircraft. The sites,

more specifically identified below, are all in the

vicinity of Harrisburg around the Susquehanna
Pdver. Relevant conditions for each image are
shown in Table 9-2.

Table 9-2

A. Harrisburg, E-W

B. ttarrisburg. N-S

C. East of Harrisburg (E-W)
D. North of !larrisb,:rg _,NE SW)

Date

2/13/74

4/29/74
4/29/74

2/13/74

Time of

Day

A/C
Altitude

fit)

A/C

Speed

(mph)

15:28

t0:30
16.50

i -:00

15000

12500
12900

_900

340

240

260
221

PRT-5

Temperature (°C)

15

27.5

27
14

34o



/t ? (

_ _ _ _ L," L/r_ [/--
!

:,:re 9-8. Power pl3nt on east bank of nplaware River imaaed at (top to bottom}: 0B:O0,05:59.14:00, and 10:59 hours
by the airborne Daedalus DS-1230 thermal IR scanner.
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C

Figure 9-9. Strip images of 4 areas in central Pennsylvania, made from Reconofax IV thermal IR scanner data.

-'9 _ _" Whicl, hnage(s) seems to be most af-

fected by aircraft distortions?

_-9-_3. Which image shows the warmest areas

overall? Why?

_-9-24." On which side of image D is the Sun?

11ow did you reach this cotzchzsion?

.d. t "_ " .-9-_3. In B, how do you distinquish barrett

fiehls from those with some crop growth ?

-_9-26: In B and C why do roads have lighter

tones than ad/acent countryside?

_,9-2 7: ht C. some o1" the stream valleys are

marked by darker shades, wider than the chamtels

through wltich they Jlou, although such small

:!rainag:, is dry muctt of the tit_ta, If'hat might cause

this effect.'
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At this point, you should now have enough

familiarity with thermal image interpretation to

tackle some space imagery. Turn back to the section

from pp. 71 through 76 which dealt with the

thermal band 8 on Landsat-3. Look again at Figure

2-19A. You will recall that we commented then on

the relatively flat appearance of the scene. Now we

would say that it lacks thermal contrast. Reread the

text _br tha_ section, and consider Figure 9-7 once

more. Before starting the next paragraph, try to

answer _9-_8.

#9-28: There are sereral reasons why the

thermal image in Figure 2-19A ts so flat. Can you

suggest any ?

This is a difficult question, which may have

stretched you beyond the limits of your experience.

There are at least four answers to .=9-28, all of which

are contributing factors:

w.-
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I. The scene was imaged at about 0q'45h local

time. Inspection of Figure 0-7 indicates this time to

be close u) a crossover time. Radiant telnper;llllTeS

tbr most ground materials art' still similar at this

stage in the diurnal cycle and so therllla[ cotltrasl is

low.

2. The NI!AI"/i 1. 37) for the thermal channel

is no better than 1.5°K. Surthce temperatures at

this time of year ;Ire low, and tile range of radiant

temperatures is probalqy not great _ca. 10°K}.

3. The |it|tuber of gray steps available to express

these temperature differences is also limited (for

digital data, the I)N r:mge of 2 _' Io4 levels] is

assigned to a te|nperature range of 80° K).
4. The data have not been converted to a CUr

mode and so computer reprocessing has not been

I,erformed. Contrast strelching, for example,

would tlO doubt improve image quality tsee Figure
2-10B).

Intrinsic Thermal Properties

I}y now, you ilttlSt be :lware that it:tcrpreta-

lion of lherlllal i|||agery is not a simple Illallct. |n

lllally illStallCeS, one's efforts m;ly be COIII/IIO|.] to

looking for i'_altel'llS of relative temperature dif-

ferences rather thall ab_'dtll¢ values, owitlg to the

cotllplex factors that nlake ql|al|iitativ¢ deterlllin:|-

lions difficult. At the risk of adding still |||ore

complexities, the following discussion shot,ld clarify

SOIIle aspects of the problenls ah'cady alltlded It).

]'lie l¢lnper:ltllres illeasured I_y |he scilsor ;.ire

indirectly inferred from radiation ema|u|ti|_g from

the target, l'his thermal emission is usually only

al'l\'cted by that thickness of the target (e.g.. !he

!!arth's surficial k|yer) located within cenli|netcrs

to a meter or st) from the st|rface/;|ir i||terf;|ce.

l'he surface ambient environment itself inlluences

the se|lsed lemper:_ture values. A primary objective

of the temperature Itleastlrclll¢llts is IO ipfcr

_'mlcthing ;.tl'_Otlt tile I)attlrc of" tile tar,eel's ct.Mllpo-

sit;on ;.llld other physical properties. For a given

material, certain char'-|cteristic internal properties

will play import,mr roles in ctmtrolling the tem-

per;|tt|re of a body ;It eqttilibriutt| with its sur-

roundings, l'lwsc properties inchtde:

I. Ileal Capacity tC): the measure of the in-

crease in energy content IQ) per degree Of tempera-

lure rise. It is givell il! Ill|its of C:l] "| Clll'3°( "1 alld

expresses the capability of it material It) store heat,

meastlrcd ;is the energy, m calories, required to

raise ;I givt'll vohlllle of nlatcri;ll by I°(" lat 15°(,").

\ rHalcd quantity, Sl,ccific heal 1c1, is defined _s

c :C where p is density tUn;Is: c;ll g-i o(,.i is

the rat io of heat ,iddcd ill raising the temt,erature

o) I g of material by I°C tat 15°(').

2. Themlal conductivity (K): the rate at which

heat will pass through a t'inite thickness of a Sl.lb-

st,mce, measured as the calories delivered in I s

across a I cm 2 area through a thickness of I cm at

a temperature gradient of I° C (Units: cal cm "l s "1

o(--t 1.

3. Thermal l)iffitsivity (£): the rate at which

the temperature chatlges between ihe surface and

the interior, or the reverse-a measure of internal

heat transt\'r given by K = K/ca (p = material den-

sit)') (I.hlits: c|t| 2 s "1 ).

4. Thermal Inertia (PI: the resistance era

material to temperature change, indicated by the

response during a heating cycle. :rod defined as P =

(Kcp) t_ = #c¢-E'lUnits: cal cm': °C "l s'_i). P is

a int'asure o|" heat trtltlSlk'r rate across :t botlndary

between two materials. Materials with high values

of P pOSSeSS ;t strong resistance It) tenll'erature

pertttrbations :It a surf:ace boutldary and thus show

less tetnperatur¢ variation per cycle than those
with lower tllcrmal inertia.

_0-20: ('ah'ldat¢ the value of thcrmal hwrtia

I' of tilt" ]blhncitlg materials, giver) the associated

/Mr(lmt'lrh" rt;hl¢$ K, c. tllltl .D.

Stainless S:mdy Water

Steel Basalt Soil _20°C)*

K 0.030 0.0050 0.0014 O.0014

c O. 120 0.20 0.24 1.0

p 7.80 2.8 1.8 1.0

*Data l,iken from Chat)let 4, p, 83, of,,,qutne I of the .Itanual of

lee't, )h" S('n_m.¢ ( I q75 ?; re't, Reft'rettet.s.
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It'hich of thc materhds (stccl. basalt, soil. +)r watt'r)

will show the lar,t'st .17" or diur, al tCmlwratttre

ch_llli/t.'?

The interplay among these varying i_roperties

conlbines to affect the rate of healing, total heat

exchanged, alld tenlperalt|re profile wilhin the

ou[erulosI surface layers. In geller:d. ,1 l-meter

layer shows an increase in giOtllld temperature with

depth prior to dawn. Ill [he early luornillg sunlight.

the uPl_ernlost 10-21.) cm of a typical l:lyered mate-

rial tc.g.. _l sold will begin to heat r:widly but ihe

lower profile remains the same. By shortly after

high ilOOll Ihe stlr[':l¢C reaches its In:lXillllllll ICIll-

perature ,llld tile lower Izl vcrs also h;.Ix'e exlwrieneed

warnling that tleer¢:lses with delHh. I:ollowing sun-

set, tile grzldien[ sl;.irls 1o reverse so [hal [CIIII'WI':I-

lutes are lowered at th,: st:rl'ace but retnain pro-

gressively W,_lrlller dOWll t,t') m_lne ill[erlnediale

tlelHh. [,?,eg:.lrdless o1" lime of d:ly, the [elllpcratllle

profiles converge on a IleZlrI.V '..'Ollst+.ln[ value :1[

some depth below 50-1 O0 cm.

"['hc ;ICILKII stlrl'acc [ClllllCl';lltlre Ill;.IXillllllll ;llld

luininltml depend largely oil tile extent of buildup

of [he heal reservoir or storzlge capacity within the

:el'coted layers. For a given material (COllS[;Illl

density alld all+eliot, the diffcren¢c in t+retlawll

(low xzlltleS+ lind midday (hi.,,,h valz,¢s+ tempcr;_turcs

at ¢:1¢h depth horizon tlOWll 1o tile stdlqe [con-

ve_ent) value will increase with illcreasing con-

ductivity :lilt[ decreasing specific heat. If the be-

havior o1" tile surface I.'lyers is described by oh-

sc_'ett iherlnal inertia chzlnges, these changes cau

be predicted by varyingortc thermal properly v. hil¢

holtli:lg others constant. For the ease in which

density Ollly is varied I,albedo, specific heal, alld

conductivity rcmaill conslzlnl], the effect of ill-

creasing the matcriat density 1`;.ind thereby P. or

thermal inertia, ;is well ;w¢ortling to tile relation

P = (pKc)':_ is to require more and more heat to

be used ill nlising the tenwerature in a given

xOhlllW of increasingly dense nlatcri:lls. As a result,

less he:It is transferred tis availal,le_ to the lower

layers. With increasing densily, the total added

heat is ¢onlined to layers closer to the surface, the

maximunl tenwcratur< rczlehed at midday m the

¢.'..'cle I'+eCOlllCS progrcssively less, ;llltl tile lllillitlltllll

at n,tght is greater than for less dense materials.

l'hus, tile sprc:Id of ,t,tily tcty+pcrattirt t,tlcmC+_

131"/ is reduced as density increases and tile si,'c

tthickncss+ of tile Sull-inlluenced heat rcserx'oir

decreases. The ¢oncolnilant rise in thermal inertia

simply expresses Ihe increased resistance [o tClli-

perature change. I lowcver, if thcrnull conductivity

is incrc:lscd (:llbcdo. specific heat, :lnd density kept

¢OIlSI:IIII_I, IlIOl'e he;it is transferred to gr¢;itcr dept[I.

Less heal is COll¢¢nlratctl ;.ll lilt" surl'aee :ind tile

telulwraturc cxtrclnCS diluinish 0owcr daytilnc and

higher predawn valucsL t_ttai:l, this dccrc:_se in AT

with increasing conductivity is consistent with the

¢orrespt_ntlil_g increase in Ihcrmal incrti:|.

Thus, one or nlorc o1" the inlrinsi¢ thermal

properlics enlcrs into the physical factors that

inlqucncc tliurnal surf:lee leml+eratul'¢ vari:llions in

the materials in resl+onse 1o solar heating. Consider

the four curves plotted in Figure 0-10. s i'hc upper

Iefl tilt'yes in A show Icnq,craturc x':lrialiOllS rest.lt-

ing solely front differences in thcrlUzd incrtias of

malcri:lls, with other fa¢lors iwltl constant. Note

lh¢ distincl crossover points. Values of P xnl.lch

higher than 0.05 t:lS for inetals_ produce tliurnal

curves th:lt ,lPl_ro:lch :1 straight line passing through

the crossover i_oints; this is consislent with the

statcnlcnt thzlt inaleri:lls with high thcrnlal incrtias

Ulltler,-t_ smaller r,ldiant tcnwcrature changes

dr,ring :l full hcating,+ct+oling cycle. ('tinc,,,; ill I]

show lhc effects of tlil't_'rcnl ref[eclan¢es (as

:lll_ctlt_s_; bolh lilt' t_l,l\inlttm and nlinimu.ln tt,,iil.x

te|upcrtllurcs and their tliffercnces tAl'] increase

with decrc:lsing :lll'_cdos th,l[ lead 1o more ;llld

more incident solar radiation being al_sorbctl. In (',

lhc curves represent eh:ulgcs rcsulling froln differ-

ell e|uissivitics: illosl nilltlrill millcriills IliP.c X'ilhlcs

ranging bctwecll O.,q and 1.0. The cttncs in 13

intlieale the lcnwcratur¢ effect introdltccd by sky

{,;lIll_t+sl+llcric) radiance, a I_aramctcr Ill;it Illd.V be

¢:lleulatcd I'rotn o[hcr data te.g., PRT-5 temper:l-

lure mcasurclnents] during :l thermal scan. It shouhl

I'W Ol'WiOtlS froln these sets of CIII'_,'CS Ih_l[ n;lltlr, II

stlrl',lfe materials will show cotlsidel':ilqe variability

in radiant [enlpcr:ltur¢ owing to inlrillsic tlifferc|l¢cs

in total reflectance (,lll+ctloL emissivity, and

thernml i;lertia, as well ;Is c\tcrnal InCteorolt+gical

¢ontlilions :it the lilnc[.,,+ of ol+sel'x'atioll.

S{.'ut'.cs pulqtshcd ul Pohn. II.A.. I'._V. Of field, ;rod K. Walden.

17;drm,ll hl_'rlld IIlp_.+i,l.. _,_,,r 3"t:'!!it¢ -. l)/:_t'r/mo, l/ll_,el o/ ¢;('r)-

loen" I 'mf._ b_ ()tPh:n. J. h'<'_<'drt'h. { '.S. ;,'ol .+¢to;'¢:'. '.ol. 2, no. 2.

_.l.tr-Apr 1_;17-1. p. 14S.
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Ficjure 9-;0. Variations of surface temperatures during a 24-hour cvcJe relative to different. A, Thermal inertias; B. AJbedos;

C, Emissivities, and D. Skv racliance temperatures.

,;¢ •
,._O-._O."hi CO.lpariso. to a terrain donzinaled

by samly soil, how will a basalt surface appear (in
gray to.es) #1 a positive therlnal image acqttirc'd
during (a) midday? (b) midnight? (Refer to cttrvc

.-9-_9.),-1, l:igure 9-10," see also _" "

When the same reasoning used in .-_0-30 is

applied to predict gray levels for water and soil,

results may be unexpected unless certain factors
arc considered. P values of 0.038 for water and

0,024 for soil would lead one to expect a smaller

temperature range (&T) for water, with SO/he-
what warmer teml_cratures at night and cooler

temperatures in the day for water relative to soil

(and much of the natural land surface). This is

indeed the case. but examination of day and night

thermal IR images (see Figt, res 9-12 and 9-14)

shows water to have very dark tones in the day and
light tones at night. Water in |mtural conditions

Hakes, rivers, oceans), being nonsolid, tends to

experience considerable mixing and thermal

"smoothing" by convection and turbulence so that
its temperatt|res do not vary much lin a sense,

these water bodies are thermally bufferctlL Thtis,
at night, water remains warmer than the land.

which cools rapidly by radiative transfer, and

during the day water heats up much less than the

land and so appears noticeably cooler. (Keep in
mind too that the gray tones arc usually adjusted

or expanded to emphasize land palternszthis tends
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to increase contrast in bolh day and night iinages./

From a practical st:ultlpoint, natural water acts as
lhollgh il has higher therln:ll inertia Ill:Ill tile

0.03S obtained I\_r "'labor,llory'" water.

['herlnal inertia can be a diagnostic Property
|'or ll;lttlra[ materials, [c,lding under favorable cir-
ClllllSl;.lllCCS It) lheir idenlification. V:flues of lhermal

inertia for rocks and soils r:mg¢ between 0.000 lk)r
loose porou,_ m,itcria[s to 0.075 - 0.085 for dense

m:lterials. In lhcoly, therm,ll inertial valucscan best

be estimated by remote sensors if early morning
and early afternoon temperatures (maximum ther-
mal ¢oatrasl) :ire deterlnincd, and the rate of solar

irradiation absorbed by a material at the surface is

also nleasured. Absorption rate (as power) may be
approximated by the expression S ( I - a), where S

is the solar Illlx incident at a point on the Eartl_'s
surface ,ind a is the apparent albedo at that point.
tBoth S and a will vat3' wi!h latitude, solar declina-
tiOll, :llld Oth,-r I':lCtgrs). 9

The Heat Capacity Mapping Mission

NASA has designed alld h.lllllched zl sensor

s.vsteln capable ol" llleaStll'illg tellIpe_,lttlres frolll

which the ,:pp,irent thermal incrtkl (ATII of ill:lie-

rials at different points on the global surf;ice nlay
bc calcul,ltcd, l'he term "':wparent'" is a qualifier
to indicate that true VzflUCSare not obtainable un-

less the influence of ahnospheric processes :llld

olhcr I':lClOrs are takell into accotmt ill the c:llcul;l-
t it)ns.

The sensor, a modified version of thu SCMR

on Nimbus-5. has been tl:.llned the Ileat Capacity
M:lpping I.?,:ltliomctcr (II('MRL II was the only

sensor in the paylt_ad of the Ileal ('ap:lcity Map-
ping Mission (I I('MM+ I 0 satellite, launched on April

2(+, IO78. :Is Ihe first of :1 low cost serk'sof Applic,i-

lions I':xph_rcr Missions (..\EM). I)uring tl:.lylight
oper:llions, ol1¢ of the two chantl¢ls of the tICMR
measures visible-reflected IR ratli:ltion 10.5 to I.I

_lnL while the other measures Ihermal IR taCt:ilion

110.5 Io 12.5 pml. l'lIis lhcrnml ch;innel is used

:lg:till to Itlq/IStlr¢ nighltiltlC l¢itlp¢r:.llltres ox'qr

zlpproxilllatel.v tile S;.llllC ;.lrC;.lS. I:rom :t ilear-polar

Sun s.vnchrot)ous retrogradu' orbit at i'd. (_20 kill

13S5 nlilesl, the satellite passes over lilt" letlllator

in its :_scentling node a! I'd. 2:00 p.lll, riot:l] lilllC).

hl the mid-laliludc regions (where nlost IICMM
inveslig,ltions arc locatcdL the d,Lv-night crossing

times cluster around I:,,0 p.m. ;llld _.._0 a.nl,
Opposing day-night orbilafl tr:lcksar¢ symmelrieally
inclined relative to Iongiludin:d lines by 11.5 ° ;It

tile I:qu:ltor: day-night pairs O|" scenes cover the

S;.1111¢ groutld ;lrczls :it ;ill intc_'al of tv.clv¢ hours
for I;ititudcs lrolll 0 It) 20 ° and 35 ;llld 7S °, and

thirt.v-six hours for I;.llilutles between 20 ,llld 35 °.

l'his orbilal configttr, ltion permits acquisition of
:hcrm,fl data during half Of :t single diurnal hc;tting

cvcl,: I lwcl_c hOtll'S} for SOlll¢ regions Zllld OI1L' title

a half cycles (thirty-six hours/t\_r others. Over nlost

O1" the United Slates, successive d;ly-nigh! passes

sep,lrated by approxin_,ltely 12 hours produce
dianlond-shapcd track patterns tFigure 9-11). A

given orbital track is repeated in a sixteen-day cycle.

but adjacen! coverage occurs on a five-day cycle.

/_ ,,,,,I

im_otl T_'IL ¥I
_IV O._v _O_aAOI
PAnlnN OU| 1o r141

oo
I - k %,." _ qt \._rau,._.L

cOVllt_lal llArrlll_

O1111¥ I OAIIT I

Figure 9-1l. Coveragepattern of HCMM orbitsover U.S.
for the indicated intervals.

Llndcr these orbital conditions, tile swath

width is 715 km (445 miles). Spatial rea_lution for
the thermal channel is nominally 600 Ill (1950 ft)

;It nadir, al'w)111one-third as good as that prescribed

The Int't_t11111g _a_lar flux at llle outer limit of the atlllo_ll_e.

termed lhe solar constant, i,_ aPl_toxinlately 2.11 ell cm "2 1nil "1.

lilT'he tern1"'heatcapacity" in the xalellite'sofficial desi_nalionisa
mt._nonler,in that thi._property is m_tdirectly mea_red I.although
_t is _elated to the variable c in the funetkm that defines true
thermal inertia. P).

I
Io_,'mg to smallinclinationerror.,t,the local lime of eroxsingdrifts
",,_al_au_f,;_t)-;'_i_.,,,h,at_,_t_liet" per >'cal, l'he III',MMorbit
"a':_sIo_vcredin I:cbmary 1980 to rt_'ersethis drift.
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for band 8 of Landsat-3. Ilowever, the inaxinmu_

tllcrmal sensitivity (NI'AT) I\_r the I ICMR is about

0.3°C at 280°K, or appmxinlately five times
belier than for tileLandsat-3 thermal band.

Thus. the IICMR provides daI:l on rot'letted

radkmces, from which apl'_arent albedos may be

calculated, and on day and night mdi:,nt (equiva-

lent blackbody} temperatures, from which a tem-

perature diflk'rence AT is obtained. These data: are

inputs in determining the apparent thenual inertia,

according to the function ATI = N(" (l-a}/tTi)_,. -

T_ght), where N is a stalin," factor (set at I000)
that brings ATI into the ramge 0 to 255 (8 bits}.

a is {he appareIH albedo. ;llld (" iS ;.I COIlSlalll related

to tile soklr flux. C itself varies with latitude. 0,

(0 to t)0° N and S) and solar declination. O. Ifrom

-23.5" to +23.5%. and thus ccmlpenmltes for seasonal

car|at ions in _'_l;ir insolat ion? : I mates C;tll be made.

pixel by pixcl, fronl atlly of tile direct {,day I'el]ccled

alld thcrnlad or night thermal radiamCCS'_ or derived

(&'F: ..VF! l meatsurements.

(_lh'tthltc ..I 1"1 .tbr tilt' .tblhncing

N = 100'3.

(" "- 1.510Sit'or0=45 °.0 =+2 t)°},

at = 0.20.

I'n,_ = 31tl_'K,
I" = 280 ° K,

N ill |l I

The AT! of a pixel representing tile I{arlh's surf':ice

has a different numerical value froin Ihat of tile

true thermal inertia, P, of ;I material, rile quanti-

hlliVe relation IK'lwecn ATI and P has llOl v¢l I'_¢qII

established by IICMM investigation teams. (,;crier-

ally, the AT1 of a pixcl-sized surface area will be a

weighted average (tnixl of ATI's of each of several

COIltpOIlellt m;itcrials within the area.

II('MM data sets used to constntct the Day-

VIS, l)a:'-IR, and Night-IR images must be correla-

ted geometrically and ;idjttsted Ik)r other errors or

variations. To obtain AT values, Ihc day and night

th.:rmal data arc Olin'fully registered, pixcl by pixel,

through ;In overlay procedure. Pix-'ls from two

separ:lte passes covering tile same surface area llltlSl

be carefully rc,.zistered. The pixcl shapes themselves

tit) nc, t cc, incide CV¢ll whell prc, perly st,pcrinlposed.

I_eqilllSt' of _.he differ,'nt ,.!:ly :l,,d nil, h) ,lir,..,:!i,',_s ,_!"

pas_tge dtle to the offset l'rolll tru¢ polar inclinat-

lion: tile day pass moves southeast to norlhwcsl,

wherea*s the night pass (twelve or thirty-six hours

later-not the night segment of tile _uue orbit}

goes frolll norlhe;lsl to southwest.

_0-,¢2: .lssltming sqtt,trc pLw'ls, make (t simph'

sk('tt'll that shows the misfit o]'a pair oJ'day attd

tlight pixds tort'rifle tilt' same immedhltt" area ill

tl;t' two mw('t':i.,/irt' (twt'lrt" hottrs) grotHtd track_.

which arc caqh int'litlt'd at 11.5 ° J_ml a hmgitudi-

,tal litlt'. (lliltt: Draw a smgh' rt'rtical lint' in the

sl_ctch to ph)t the ct'ntcr point oJ'cach pLvel at the

._klmC Sl)Ot Oil tile liltt'. For t'ottl'cllit'ttct', ttldrk tht'

top shh" o.t" tilt' d((r pLx't'l dlRI the bottom o]" the

n_ht piA'd with a ht'aricr pt'twil littt'. )

The complex geomctric:ll II:ltllre of the digi-

t;tl data necessitates approxim:lte regislr:llioll (by

;.1 Icchnidian using COlllro] pohlls)prior to conlputcr

processing: this is the best way to eflk'ct precise

registration of the d;.ty alld night data. The corn-

puter'is ;llso csscnti:fl in applying a thermal nlotlel

to these data. point by point, to calculate tile ap-

I_arenl thermal inerli;i from the tempenlture dif-

t'erencc and albedo values.

1"he temperatures measured by tile sensor

depentl on the relative ¢ontribulions of both sur-

f:Ice lind air temperatures. Telnpenlltlre ch.nlgcs ;Ire

broughl ;.lbout imnlarily ILv solar heatillg :llltl

cool|tit. Other factors that intlucnce the _'nmr

lllC;.ISl.tr¢lll¢lltS, alld hi'nee the VZlltleS of lilt" para-

nletcrs in tile Arl equation, are:

I. I-,nissivitics of tile surface materials.

2. Bidirectional rel'lcclan,:es of these malerials,

3. {;eothcrl]lal Onlcrnal) heal I'low,

4. Tol_ographic irrcgukmtics,

5. F.vaporative cooling at tile surface (water:

vegclationl and[or heat released by dew

l'orn!;lllOll (latent heart challges},

o. Ileal trallsf¢r effects fronl ¢otwet'tioll and

condu¢lion ill the surficial layers ;tnd the

almospher¢ (sensible h¢:ll changes).

7. .-\bsolption ;llltl re-emission of lhcrmal ¢ll-

erg.v by ,,cresols ;llld walter Valpor,

S, ('loud cover history (durit_g heating cyclcl.

12For detail:,. _e tilt" Ih'at (_pacitl" tlal,l'lng Ilissi,)n I)at,_ t'scr_

/'l'121|tl'/_ll'(l&, ,_*)_i'llli'_'[ i'i;',_, .tv,ltlable lltllll tilt, Mt._;_lon t'tlliea-

uon Office t('ode ql)2l, Goddatd Space I light Center.
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_). "Iemperature profile of tile atmosphere,

10. Stlrface wind efl\'cts.

Some of these (actors have fixed or constant cf-

tL'cts on tile temperatures: Otllel's vary with each

pass. It may be possible to correct l\_r tile influence

of some of the variable factors but this is not done

routinely. Meastlremcnts are made usually at imlat-

ed individual points in a scene and extrapolation

to the general scene has limited value.

The tlCMM program is a research effort

oriented towards "'proof of cmlcept.'" The main

olLiectives are to develop a systematic methodology

for producing regional (small-scale) thermal inertia

maps of the Earth's surlace al]d to verify that such

information may be put to i'_ractical uses. I'roposcd

applications include (I) discriminating rock types;

(2) mapping gross variations in soil nloisturc:

(3) measuring i,lazll c:mol,Y tOtal,or:]lures related

to evapotranspiration and stress effects: (4/noting

temperature ch:.ll]ges it] SIIOW fields to predict

runoff; (5) detecting natural and tllall-n]atte thermal

effhlents; and tO) monitoring effects alld changes

of urban heat islands.

.\luch el" the eastern Llnited States from North

Carolina to Upl_er New York State was inlaged

from the I ICMM satellite, under conditions of sparse

cloud cover, oil 31,.13 1 I. [t)SS. '['hc midda3 thermal

IR image is shown in Figure O-I 2. This depicts not

only land alld cloud patterns, but also some of the

thermal differences reklted in part to the Gulf

Streanl. in the open Atlantic Ocean. Fhe tempera-

lure dil'l_,renees i11:13 [_e ;idCellttl;.l(ed I, 3' [_rodudillg

a color-coded derlsity'-sliced l:lal'L as preset]ted in

Figure t)-13 lbr the May I 1. It)7S day IR image.

Although the map is not calibrated for actual tem-

peratures, ihe relatr,'e temperature increases froln

cooler to warmer proceetl fronl black, i_urple, aald

blue. through green, brown, orange, red atld white.

=t)_.;.;: ll'hcre ,.,re the ch)ttds? What colors tire"

tlsc,l to dcl,i,'t tht'm?

=O-S4: What col,)r denotes the Gu(/'Strc(tm )

ls it wdrmt'r ()r ('ol, h'r th(t/! its sttrrott/t(ti/t,..; w(/tt'rs"

I t'h.v '

._:-.¢.¢. .\'_,tc lhc ,_lritlg ,_/':ig:tt-lot;cd (w/tit]st!)

Sl','tS trt'nding to tit]' Sf)llf]lt'_lSt Ill'tit" flit' [owt'r ]t'tl

comer 'V" I"Leure 0-12. ltqtat do these spots r_7,r,'-

set I t ?

#0-36: Locate the position of Bait#here.

Phihtdell,hia and .Vew York #t both figures. What

coh_r attd gray tone characterize these? Why art"

the.v warmer than adjacent rttral areas;'

A therm:ll image of the same general area

obtained during a nighttime pass on June 11. 1978

is shown in Figure 9-14.

_0-37: Locate the .Vew York-New Jt'rsev

and tht" Ilarrisbltrg scetles withht this pair of images.

Dcscritw the gra.v tones or h'rels in the day and

night images tier the fi)llowhzg features: (1) :|t-

hmtic (h'can. (2) Sttsqttehanna Rirer; (3) Baltimore

and Phila_h'll_hht; f4) I'ine Barrens (N.J.); ¢5) Bhte

.lie]title,in attd other ridges; (6) I'alh'.rs between

ridges; (7) ..Igrictdtural hind in Dehnata'a Peninsula.

_,O-3S: What lar.,e (transient) feature prcsent

in tht' .I/a,.l' 11 thO'thttt' thermal IR image is absent

in the Juttc 11 n(ehttime image?

_.O-3O: What tltermal characteristics el" lakes

c'tldblt' tht'm to I_t" rt'c'ogtti2t'd i.ll tht' two St'flies.'

=0-40: Ilmv do lar,:e metropolitan arcas ,li]:

fcr front htkt's #t their response to the thermal

heating cych,:'

=o-41: What gray (tone) h'rels characterize the

area of Pennsl'h'ania occupied by the attthracite

coal belt attd associated sltr]'aee wastes in the day-

time tht'rntal7 .\'(t'httime thermal?

=0-42: C,m .you exl_lain the apl:arent high

temperatures of tilts coal beh in the day hnager3"?

(llint: thi,lk blackbody.) Considering a!so the

nighttime response of this belt. make a qttalitatire

/ttdgmt'nt about the tht'rmal inertia tit" coal (rela-

tivel), high or h_w fi_r rock materials).

=0-43: .Vote a veo' bright area ht tile day

image ¢but noticeably _htrk in the n(eltt image)

south of the ..llbemarh. So]old ht North Carolina

(Ptt'ar I_ottom centcr). This used to be a rather

hcarilv litres]i'd attd cultirated region, hilt field
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information shows several large sections of recently
cleared land (also evident in Landsat bnageo').

exposing dark soils. Explain the thernal beha:'ior
of this area in the light of this information.

#9-44: Part._ uf tire VaUey and RMge (folded

Appalachh_ns) arc :_,,:.'ked or outlined b.I, (lark

fringes in the day thc ; ;ral IR _m,,,ge. Uc areas that
appear to correspond to these ,',-e ?tt,;:','r (brighter

or warmer) in the night IR imag:'. ".','ettlate ott tire

explanation of this observation (Hint: consider

both topography and surface co_ er.)

#9-45: The valleys betwe -n, idges seem bright-

er #l the day and darker at ,ight over most of the

fbMed Appalachians from ,he Piedmont to the Al-

legheny Front...lga#L speculate on r.he reason.

#9-46." .Vote the tone pattenrs along tire south

ena of Lake Erie (upper left conter) in the night-

time hnage. What is the cause of this?

Figure 9-12. Day IR image of part of eastern U. S. taken by HCMM on May 11, 1978.
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Figure 9-13. The scene in Figure 9-12, extended to the Great Lakes, in which gray levels representing

temperatures have been color-coded from black (coolest) to white (warmest) (see text).
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Figure 9-14.
Night IR image obtained by HCi'., _n June 11, 1978 over much of the same region of ti_e eastern U.S. as

shown in Figure 9-13.
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Ideally, tile apparent thennal inertia values
for an tlCMM scene should be calculated from day

and night temperature readin_ taken as close to-

gether in time (12 to 36 hours apart) as practical.

This was not accomplished during the HCMM ntis-
sioq for tile scene with which we have been work-

ing. In tile spring of 1978. the first usable night

thermal IR image after May I1 was obtained one
month later (Figure 9-14). The extent of diurnal
heating had changed significantly by then as early
summer neared. Nevertheless. the AT image (Figure

9-15/ obtained by subtracting the Jtme II night

thermal I R pixel values from the May 11 day

therma! values provides a good approxinlation of
the diurnal temperature history that wottld have

transpired on either date.

=9-4 7: Move back amt .tbrth to l:L_ures 9-12
and 9-14. attd also to F_,ttre 9-15. IIow is tire clottd

bank in the day IR image (slanting southeast front

the ttpper h'ft corner of F_,ure 0-12)displayed (as
a grar level) in the AT image.' thaw do the ch)tats

in the night IR imaee (very dark areas ahmg the

lower le.t't tnar_,in of Fi._,ure 9-14) show up ht the
_T image:' lh_w _h) the bright Fn'nghtg areas ah)ng
the ridges, as seen in the night IR itnage (see =9-44).

appear in the/kT imaee? llow does the water in the

.-ltlattttc Ocean and adjacent ba.vs appear in the
AT image? l"..vl_lain why the _T rahtes Jbr these

larec hodies of watt'r should be 5o low. atat hence

are expressed in black tones (llbit: Re_ Jew. p. 351).
I')_rmttlate a Simlffe chart For ",redicting the gray

levels in a AT imaffe. I,ased on .lay arid ni,-ht ther-
mal IR patterns.

The apparent thermal i'wrtia (ATll image de-
rived from the Day-VIS and Day-lR data from May

11 ;.ind Night-IR data from June I 1. 1978 passes is

shown in Figure 9-I6. Tiffs and the AT images
were generated at NASA Goddard's IPF using spe-

cial processing algorithms based on JPL's VICAR

twogram. The day and night images are registered

in Steps involving rotation, tie-point correlation.
and "'rubber sheet'" stretching. In the rest, lting ATI

image, most land features appear in dark to me-

dium gray tones corresponding to low to moderate
ATI values. Since water has a low albedo (some-

what higher if siltyl, the ( I - a) term approaches

1.0. t:ivin:-: li>c, along with tile _,maii ±-f in the de-
nominator of the ATI equation, to apparent tiler-

mal inertias likely to be much higher than most

land materials. Scattered clouds in the Day-lR

image are unlikely to show up in the same places
as in the Night-lR image and hence AT's for the

areas subtended by clouds do not represent a valid

diurnal thermal lfistory of the surface. In an ATI

image, daytime clouds appear in whitish tones and
nighttime in dark tones. Because the temperatures

of clouds daring the day are lower than the tem-
peratures of underlying cloud-free surfaces at

night, the TDay - tNight or AT term will be nega-
tive. In the calculations, a negative denominator is

treated as zero. producing an infinitely large ATI
that is assigned a white tone. Conversely, at night

the cloud temperatures are considerably !ower than

corresponding cloud-free surfaces during the day.
Tiffs yields a large AT term that in turn leads to

small ATI values shown as dark gray levels. In the

case of both day and night clouds superimposed on
the same area, AT is again small but positive and

ATI tones are light. Note that the 1 - a term (a is
large for clouds) is not critical to the results but
does affect the actual ATI values.

Several HCMM scenes acquired in November
1978 over the eastern United States display excep-
tional image quality owing to a favorable conjunc-

tion of viewing conditions anti subsequent data

reprocessing. Co,lsider the day visible and day ther-

mal IR images taken on November 17. 1979 (Fig-
ares 9-17A and B).

._.9-4S: ('onq_an' the day risible (Day-VIS)
scene with the December 10. 1976 Landsat band 7
scene (FLoure 4-9A L .-lllow#tg for some distortion

in the IICMM image, comment on the ability of the
tlCILII scene relatire to Landsat in pickittg out: (a)

ltarrisbu_ attd Lancaster: (b) The structural grain

Ot the Piedmont: (c) The IbM patterns in rite Valley
aml Ridge Province: ¢d) Tributaries to the Sus-

quehamta River.

#9--49: There are several veo' dark an'as in

the center and top of the da.v IR image. Look at
the equivalent areas in the Day-VIS scene. What

might cause this dark area pattern? .Vote also that
the general tone of the lattd gur]'ace is distinctly

darker in the northwest region bo'ond the general

sour/tern boundary o] the foMed Appalacians (Blue

.llountainl. Offcr a plattsible explatmtion ]br this.
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Fiqure 9-15. Day/night temperature difference (/kT) image made from May and June 1978 HCMM data. Larger AT's are

shown in lighter shades of gray.
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Figure 9-16.

--- :.:..... _,, :_ _-';:_,_ '._ j

An experimental version of an Apparent Thermal Inertia (ATI} image developed from May and June 1978 HI:MM data.

A high value for ATI is depicted in light tones, low values in dark tones.
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#9-50: Locate Pittsbu_,h ht t/to day thermal

IR #nage. WImt reveals its presence': Identify the

broud i_hter gray-toned patch O'ing along a di-

agonal about 2.5 cm #2 from the upper hV't4tand
corner of the scene. Compare the pattern of "hot

spots'" (light gra.v) in the Baltimore area as seen ht

the HCMM hnage attd the computer-etzhatzeed sub-

scene made from the Landsat-3 thermal ehamtel,

band S (Figure 2-20A)..VeNt, examhw the night

thermal IR IICMM image obtained on November 2,
1978 (Figure 9-1S).

#9-51: Is :here any evidence of a counterpart

to the very dark areas obsen,ed h_ the No|'ember

17, 197S day thermal IR scene? There are several

broad, blackish patches in areas southwest of Pitts-

burgh and, agahz, southwest of Scranton, Pa. |Chat

might these be? Describe the difference in appear-
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ance between Pied.zont att¢l ()instal Plains terrain.

#9-52." ItCII, I! is hehtg ttsed to search fi_r large

fatdt zones, especially where these are more perme-

able and concentrate gro,mdwater. Describe the

appearance oJ" possible faults or linear features in

the dissected ..Ippahwhian Plateau hz northern

I_ennsyh'ania attd southern .Vew York from the

Buffalo area eastward through the Catskill Moult-

rains regiott.

Because HCMM data are digitized, enhance-

ments comparable to those perforated on Landsat

scenes will give rise to notable iml_rovements in

image quality. Examples of this treatment for the

regions from ttarrisburg and Philadelphia north-

ward to the Great Lakes are shown in Figures

9-19A and B. The scene was acquired _ptember 20.

• K.'

s ¸
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Figure 9-17B. The day IR HCMM image for the November 1 1, 19/9 eastern U.S. scene.
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1978. In A, a Day-V1S enhancement, the topo-

graphic "'grain" from the Coastal Plains through
the Appalachian Mountains and Allegheny Plateau

to the glaciated surfaces in New York and Penn-

sylvania is strongly expressed despite the small
scale of the print. In the Day IR image, the very
dark tones associated with the ridges in the fold

belt have been interpreted by 1t. A. Pohn and
others of the U.S. Geolo_cal Survey as related to

the mlluence of sandstone units (such as the
Tuscarora Fommtion) and other rock types: the

thinner soils overlying these types, together with
nluch denser stands of forests, probably combine

to brit_ + about a reduction in radiant temperatures.
To the north a large, more or less continuous,

pattert_ of dark tones correlates in part with the
distribution of rocks, soils, and trees within topo-

graphic highs underlain by synclinal folds.

_-9-53." ..It'count for eermin tV" the veo" light-

toned I,atterns ill the Da)'-IR image.

A digital tape containing night thermal data
for the HCMM scene from the June I1, 1978

pass was processed on IDIMS, prinaarily to improve
the contrast between cooler (darker-toned)and

warmer (lighter-toned) areas. An enlargement of
the area around ilarrisburg and another in the

z_uthracitc coal belt arc shown in Figures 9-1t)C and

I).

=q-54." Does the metropolitan area of ttarris-

I_ttrg stand out #t tile n(_,ltt IR hnage (F(eure

t)-l O(') (compare with tilt' chlssification in I:(¢ure
fi-.7.717 Comment on your obsctq'ation.

=0-55: With what is the bright area near the

Iowcr hJ't edge of Figure 9-10(" asset iated?

=O-5O: Looking nex't at Figure 9-19D, where

are tht' most likely areas o1" coal waste dttmpittg?

(Indicate b.v gray level).
From such observations of ltCMM imagery, a

set of criteria relating gray levels to emittances
from surface materials and classes can be extracted

and organized into a table similar to that devised
for identification of classes by their relative reflect-
antes in different bands !,._e Table 3-3). Table 0-3

has been prepared from correlation of gray levels in

I ICMM images with corresponding ground l\,atures.

coupled with predicted relative levels at 0200 and
1400 hours for pairs of the classes plotted in

Figure 9-7. Assignment of broad gray level ranges

in this table follows a rather subjective procedure
to which only qualitative significance should be

attached. Most of the variables listed on page have

not been compen_ted tbr, or even considered,
and the images used tend to vary somewhat in

photo density of equivalent steps in the gray scale.
Still, this chart provides a practical guide to a rough-

cut ident|fication of many common surface classes
present in ItCMM images.

Computer processing is now being used in

novel and eye-catching ways to display thermal

data from ilCMM. For this purpose, Rupert

Ilaydn, an tlCMM Principal Investigator from West
Germany. has modified the technique described on

p. 292 that draws upon digitized topographical data

to produce a Landsat stereo pair. In tiffs modifica-
tion either Day-lR or Night-IR tenlperature values

can. in effect, be considered as analogs to topo-

graphical elevation data in the sense that they
could, if desired, be contoured to generate a map

of temperature variations as distributed on a spatial

or geographical framework such as a Landsat scene.
The end product is a temperature-based stereo pair

made by merging a single Landsat image with

IIC.M._I dat:L Under a stereoscope, the pairing gives
rise to a 3-D stereo effect much like that evident in

the tlarrisburg Lindsat image pair found in the
back pocket of this workbook. (See p. 292 for a gen-

eral description of how that pair was created; a
similar technique is used to generate the IICMM

stereo effect by registering subdivided HCMM
pixels to aggregated Landsat pixels and shifting the
HC.XlM pixels in a pseudo-parallax manner in pro-

portion to differences in temperature [or equiva-
lent DN values].) Haydn has generously produced
a stereo pair from the July 14. 1977 Landsat scene

(Figure 4-11) registered to the June 11, 1978

HCMM Night-lR data (Figure 9-14) for inclusion

(also in the back pocket) in the workbook. Ex-
amine this stereoscopically and compare the varia-

tions in apparent relief with the relief expressed in
the Landsat :opo_-aphical stereo pair. You will

note at once that. althou_ there apl_ears to be

some _5sual correlation between the undulating

temperature surface that you see and the topog-
raph,,- las viewe,_l t_nderth.." steree:;cope or as de-

duced from land forms patterns)along the moun-

31_4
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Figure 9-19A&B. Computer-enhanced HCMM images obtained September 26, 1978 over the eastern U.S. from Philadelphia

to Lake Ontario. Processing was done by the U.S. Geological Survey, Denver. A. Day-VIS; B. Day-IR.
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OF pOOR QUALITY

Table 9-3
ClassificationBasedon Gray Levelsin HCMM Images

Class/Feature Day-VIS Day-I R Night-I R L&T AT I

Rock:

Basalt VD L M-L MD L-VL

Granite M-L M L-M MD-M M-L

Soil/Alluvium M-L L-VL MD-M L-VL MO-M

Desert Sand L-VL L MD-L ML-L M-MD

Vegetated Surfaces I MD-M MD-L M-L MD-L L-MD

Field Crops MD-D MD-VL MD-M M-L MD

Pure Standing Water D D-MD VL D VL

Silty Water 2 MD-L MD-M M-L MD L

Oamp Soil MD-M M-L MD M-L MD-D

Cities D-M M-VL MD-L MD-M L-M

Metallic Obiects L-VL D D D VL

Snow V L D D D V L

D (day) VL
Clouds VL D D VL (night) D

Lineaments D M D D M D L

Nonvegetated

Sheltered Valleys MD-M M-L L M M

Vegetated Slopes

Sun-facing M M M

Shaded MD MD L

KEY: 3 T° , AT, ATI

L-VL M-L

MD MD

Gray Level Symbol

Very Light VL

Light L
Medium M

Medium Dark MD

Dark D

Very Dark VD

1 Evergreen trees tend to have tess temperature variation than deciduous trees.

2 Gray level variations may result from differences in silt content and/or differences in ,'T of un-

mixed water bodies (e.g., warmer river water emptying into cooler marine water).

3 These qualitative gray level values are relative such that dissimilar levels can correspond to similar

temperatures, e.g., the levels of D and VL for water express the condition (small absolute %T) in

which ttle day and niaht IR water slnr.lti=rP'_ (_how ijn ,_: r_i._fi_;ol_,, rr_Ol_ r _-'_d '.'-'3:'mcrwith rc_cc;.

to band temDeratures.
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tain ridges ,nd elsewhere, more commonly there

are strong disparities between what ) ou expect and

what actually appears. Thus, in some places the

Susquehanna and other rivers tend to run "up and
down hill" with reference to the HCMM stereo sur-

face but in general tend to tower over their sur-

roundings (as do lakes) (why?), as dramatically ex-

emplified around Harrisburg. Tkis type of "quasi-
stereo" image, using some varying surficial param-
eter other than elevations, is being developed from

other isopleth maps, such as contoured gravity or

magnetic data plots, and can be integrated with

Landsat imagery to provide startling but frequently

useful visual displays (see p.400). Little experience
in interpreting such data merges has yet been re-

ported but mineral and petroleum exploration

companies, in particular, are showing considerable
interest in learning how to apply these anusual
products.

RADAR SYSTEMS

We shall switch our attention now to the one
active remote sensor to be treated in some detail in

this workbook. Radar is an acronym for Radio

Detection and Ranging. Radar, then, operates in

the microwave region of the EM spectrum, speci-
fically in the frequency interval from 40,000 to

300 MHz, which extends just into the higher fre-

quency end of the radio (broadcast) region. Com-

monly used frequencies in megahertz (MHz) and
their corresponding wavelengths in centimeters are

specified by a band nomenclature, as follows:

Ka Band: 40,000-26,500 MHz (0.8 to 1.I cm);
K band: 26,500-18,000 (1.1 to 1.7 cm); X band:

12,500-8000 (2.4 to 3.8 cm); and L band: 2000-
1000 (15.0 to 30.0 cm).

Principles Underlying Radar

Unlike the other sensors which passively sense

radiation from targets illuminated by the Sun or
thermal sources, radar provides its own illumina-

tion (hence, active) as bursts or pulses of energy
that are directed to the target and then sensed

upon return. Thus a radar system is a ran_ng device
that measures round trip travel times and signal
modification of a directed beam of pulses over

specific distances. In this way, the directional
location and separation distances from radar to

reflecting target, as well as infomlation about tar-

get shape and certain diagnostic physical proper-
ties, may be determined by the system. By supply-

ing its own illumination, radar can function during
both day and night and, for some wavelengths,

without significant interference from adverse atmo-

spheric conditions. These characteristics prompted
development of radar in World War II as a dynamic

range finder for tracking aircraft and ships: both

ground (fixed) and airborne (mobile} radar systems
are extensively used today for navigation and air
traffic control.

A radar system consists of( 1) a pulse generator

that presents time pulsesofmicrowavetradioenergy

to (2) a transmitter, then through (3) a duplexer,

to (4) an antenna that shapes and focuses the pulse
stream as transmitted and then picks up returned

pulses, sent to (5) a receiver, capable of amplify-
ing the weakened signals, which are then ca,-ried to
(6) a real-time display device (typically a cathode-
ray tube or CRT) and/or recorded on tape or film.

The duplexer serves to separate the outgoing and
returned pulses (eliminate their mutual interfer-
ences) by functioning as an on-off switch to block

out reception during transmission, and vice versa.
The antenna on a ground system is generally a
parabolic "dish." Antennae for radars flown on air-

craft for survey (remote sensing) purposes are
normally mounted on the underside and direct

their beams to the side of the plane, that is. normal

to the flight path, during operation. This mode of

operation is implied by the acronym SLAR, for
Side Looking Airborne Radar. A real aperture SLAR

system is clmracterized by a long (5-6 ml antenna
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usuallyshapedasasectionof a cylindcr wahl This

type generates a narrow, focused beam of nonco-
herent pulses and utilizes its length to obtain the

desired resolution (related to angular beamwidth)

in the azimuthal (flight line) direction. A second
type of system, synthetic aperture radar (SAR),

uses an antenna of much smaller physical dimen-

sions, which so.nds out a relatively broad beam.
This system depends on the Doppler effect 13
to determine azimuth resolution. As the coherent

pulses transmitted from the radar unit reflect from

the ground to the advancing aircraft, the target

experiences an apparent (relative) motion. This

motion results in changing frequencies, which give
rise to variations in phase and amplitude in the

returned pulses. These data -re recorded for later

processing/by optical or digital methods), in which
the moderated pulses are analyzed and recombined

to synthesize the signals obtained from a narrow

beam (real aperture) system. The SAR beam,
however, retains a constant width (resolution) in
the azimuth direction, in contrast to the real

aperture system, which experiences decreasing
resolution with distance outward.

Consider now the information presented in
Figure 9-20. The upper half CA) depicts a strip of

surface being scanned by the radar beam. The air-
craft moves at some altitude above the terrain in an

aximuth direction while the pulses spread outward
in the range {look) direction. Any given line-of-sight

from radar to a ground point within the terrain

strip defines the slant range to that point. The
point closest to the aircraft flight tr_ce establishes

the near range: the pulsed r_int at the greatest
distance normal to the flight path fixes the far
range. The distance between the aircraft nadir point

and any _ound (target) point is referred to as the
ground range to that point. The angle between a

horizontal plane and the slant range direction de-
fines the depression angle for any '.arget poin t within

the surface strip. The depression an_e decreases

outward from the near range to the far range limit.
Pulse travel times increase outward between these

limits. The duration of a sin_e pulse (in micro-

seconds_, as produced by the generator, establishes

the resolution along the range or look direction.
Range resolution (the minimum distance between

two reflecting points along lrte range direction at
which these points may be sensed as separate and

distinctl increases outward for a _ven pul_

duration since it va_es inversely with depression
an_e.

The variations in pulse intensities of signals
returned from the target features within the beam-

swept strip are plotted in the lower half (B) of Fig-

ure 9-20. Note first th _. intensity peak associated
with the steep slope of the mountain facing the

passing aircraft. A significant part of the transmitted
pulse is reflected directly back to the receiver. How-

ever, as the depression angle decreases, the beam
fails to reach the opposing slopes, leading to no re-

turn from the shadow area. The vegetation, encoun-
tered next, consists of a rough irregular surface
with some individual leaves oriented toward the

radar. This feature acts as a diffuse surface, scatter-
ing the beam, but with variable return of inter-

mediate intensity. The metal bridge, with its planar

surfaces, is a strong reflector. The lake, with its
smooth surface, acts as a specular reflector to divert

most of the signal away from the receiver in this

far range position;. Smooth surfaces at near range

locations will return much more of the signal.
The signal trace shown in the figure represents

a single scan line. The succession of scan lines pro-

duces an image by vau, ing either the light intensities

on a display or the density levels in a film in pro-
portion to the signal intensities. On film, strong in-
tensity peaks are assigned light tones and weak

returned signals are rendered dark. A radar film

image shows certain similarities to both a panchro-
matic or near-IR film positive and a thermal IR

image. Water is generally dark, roads and streets are

light (bri_lt). Moist and bare fields tend to be

dark, whereas croplands show somewhat lighter

tones. Rugged terrain (high topographical relief)
resembles an aerial photo in which hill shadows are
prominent, as at lower Sun an_es. However, the

radar-blocked shadows increase in length as the far
ranges are approached. Hill or ridge slopes facing

the radar system are subject to a distorting effect
called "foreshortening"-expressed as a compres-

sion of slopes on the facing (bright-toned) side
and an elongation on the side likely to be shadowed
(darker-toned). Visually, these slopes take on an

13The Doppler effect descn'bes the changing frequencies of signal

waves owing to relative motions bet_.een the signal source and
the receiver;, frequency in.eases (audible pitch rises) as the

source approaches the receiver (listener) and _creases (pitch
falls) as the source moves away.

368



OR{C-.ZJf,L P::'._Z{L_

OF POOR QUALITY:,

z

|
FAk TIME NEAR GRAY

RANGE RANGE SCALE

PRINTED SCAN UNE

Figure 9-20. Schematic diagram showing radar beam terminology and characteristics

of returned signals from Uifferent ground features (modified from Sabins, 1973L

asymmetrical form, with the %cing slopes appear-
ing to lean toward the aircraft as thougi_ steeper.

In the extreme, "layover"-in which such slopes
are inverted and laid over-occurs when the look

angle is less than the foreslope an_e. The effect
is most pronounced in the near range side of an

image and becomes less distracting as the depres-
sion angle decreases (far range). Shadowing devel-

ops when the sum of the look an_e and the back-
slope (slope inclined away from the radar) angle

exceeds 90 °. Slant range images also show a geo-

metrical compression, accompanied by distortion
of regularly shaped features (square fields may
have rhomb-like outlines), which is maximum on

the near range side. Still other distortions may be

caused by erratic motions on the aircraft during

flight. Linear features in roli/ng or mountainous
terrain (st_ch as long, straight valleys) may be em-

phasized by a combination bright slope-shadow
effect, with maximum enhancement achieved for

features parallel to the flight line.
Radar image tones may also v-"r3" in a system

atic and controlled way. When a pulse of energy is

sent from the radar transmitter, its electrical field

vector is vibrating in either a horizontal tH) or a

vertical (V) direction. The design of the system
determines whether polarization is H or V. Most of

the reflected pulses are parallel-polv, rized, i.e., re-
turn with the same direction of electric field vibra-

tion as the transmitted pulse. Thus, either HH or
VV polarization pairing of the transmitted and
returned signals will ensue. However, upon striking

the target, the pulses can undergo depolarization to
some extent so that reflections with different

directions of vibration may be returned. A second

antenna will pick up cross-polarization orthogonal
to the transmitted direction, so that either a VH or

HV mode is possible. Many ground features appear

about the same in either parallel or cross-polarized
images. Vegetation, however, tends to show dif-

ferent degrees of brightness in HV or VH images,

owing to depolarization by multiple reflecting
branches and leaves.

Other factors contribute to the brightness or

intensity of pulses from a reflector. Two propertic_
of a surface material afford clues about its corn-
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positionandstateby themannerin which they

affect the intensity. One, the dielectric constant,

provides a measure of the degree of polarizability
of a material subjected to an applied electric field.

Radar waves penetrate deeper into materials with
low dielectric constants and reflect more efficient-

ly from those with high constants. Values for the

dielectric constant range from 3 to 16 electrostatic
units (esu) for most dry rocks and soils to 80 lbr
water. Moist soils have intermediate values, typi-

cally in the range of 30 to 60 esu. "lhus, variation
in intensities of reflected ptdses may, other factors

being equal, indicate differences in soil moisture.
The variation among rocks is generally too small to

allow identification of most differei,t types by this

property.
Various kinds of surface materials differ from

oqe another in their natural or cultivated state of

roughness. RouyAaness, in this sense, refers to small

irregularities or textural differences on a surface, as

might be represented by pitted materials, granular
soils, grass blades, gravel and other covering objects

whose dimensional variability is of the order of
millimeters or centimeters. The height of an

irregularity, together with radar wavelength and

grazing angle at the point of contact, determines
the behavior of the st, rface as smooth, intermedi-

ate, or rott_. A smooth surface acts as a specular
reflector to minimize pulse rett, rn :o the radar. A

rough surface acts as a Lambertian or diffuse
reflector to backscatter enough energy to be

detected as a strong signal. As wavelength in-
creases, a _urface with an irregularity height of 0.5

cm will respond to Ka band (_, = 0.86 cm), X band
(_ = 3 cm), and L band (), = 25 cm) radar waves in

the reflection sequence of smooth, intermediate,
and rough respectively. Other average height_ pro-

duce different sequences, from combinations of "all
smooth" to "all rough" for the three bands used.

This #ves rise to the possibility of using several

bands simultaneously (multiple radars on a single

platform) in a quasi-multispectral mode. Thus,
patterns of relative intensity (or gray level density

in an image) for images made from different bands

will appear as diagnostic tonal signatures for several
kinds of materials whose surfaces show characteris-

tically different roughncss.

The particular radar wavelength also influ-

ences penetrability below target surfaces. Depth of
penetration increases with wavelength: L band

radar will penetrate deeper than K or X bands.
Radar, however, does not truly penetrate a forest

canopy, since most leaf sizes are of the same order
of magnitude as the radar wavelength and are thus

fairly efficient backscatter points. At typical radar
resolution (10-20 m) individual trees are not re-

solved, but where dense canopy tends to be uni-

form in height above the ground, the tree-top "sur-
face" will closely follow the ground contours and

create the impression of a topo_aphieai surface

below. Signals for all common radar bands pass
through the fine droplets of moisture making up

clouds, so that these clouds become transparent or
invisible. However, large ice cr'stals or raindrops

do backscatter K band radiation but produce no
returns from L band radar.

Aircraft Radar Images

You should now know enough about radar to

appreciate and interpret images made from both air
and space platforms. Figure 9-21 shows a familiar

scene along the Susqtlehanna River. This pair of

images was made from a SLAR flight over Harris-
burg on July 22. 1066. The radar system is a Ka
baml _0.86 cml instrument developed and operated

hv Westinghouse. The sharper strip (left) is a

parallel-polarized IHtt_ image: the other (right_ is a
cross-t,olarized diV) image. Compare these SLAR

images with aerial photos and Landsat subscenes
to orient yourself and to apprai,_e tlifl\,renceg in tb,,

information each conveys.

=9-57: Why is the HII image sharper?

=9-5S: Estimate the resohttion.

=9-59: Can you deduce the look direction?

lh_w did you tell?

=9-60: ..Ire layover and shadowing pro-

nott:wed? Explain.

=9-61: It'hat o'pes of distortion are erident ?

"9-,',2.' Describe the pattern of returned
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Figure 9-21.
SLAR images of central Pennsylvania obtained on July 22, 1966 with an ahborne Westinghouse

K-band radar system. Left: _ld; flight: i-IV" images.
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signals from the forested slopes of Blue Momztain.
What causes this?

#9-63: What is/are the principal differ-

ence(s) in the tonal patterns in the HH and HV
images?

#9-64: Name any feature(sy that show up
better in the H V image.

SeasatRadar

The first civilian imaging radar system in an
unmanned satellite was part of the package carried

by Seasat. Seasat-I was launched on June 26, 1978,

into a slightly elliptical (nominally ca. 790 km

[perigee as low as 761 km; apogee up to 803 km] )
near-polar orbit. The orbital configuration allows

day/night full coverage on a 36 hour repeat cycle
for sensors with a 1000 km cross track swath

width. The main goal of the Seasat mission was to

provide timely data for oceanographic research and

applications. Approximately 95 percent of the

global oceans is scanned during the twenty-one
orbits in the 1.5-day cycle. Seasat was designed to

function for at least a year, but after 99 days it

experienced a circuit failure that ended its useful

lift.. The sensors carried by Seasat, a satellite sys-

tem managed by the Jet Propulsion Laboratory,
were:

1. Visual and Infrared Radiometer: this provides
images at low resolution ¢3 km - visible: 5 km

- thermal IR) to aid in feature recognition
and to measure sea surface temperatures:

2. Scan-tag Multifrequency Microwave Radi-

ometer: this produces data at frequency-
dependent resolutions (16 km X 25 km lor
37.0 GHz channel, 87 km X 144 km for 6.6
GHz band) to determine sea surface tempera-

tures and wind speeds:
3. Wind Field Scatterometer: this is a radar sys-

tem (21 cm wavelength) with low resolution
(50 km) designed to measure surface wind

speeds (from 4 to 20 m/s) and direction:
4. Synthetic Aperture Imaging Radar: this was

primarily developed to measure direction

and wavelength of ocean waves exceeding
50 m fetch (wavelength) (Figure 9-22A) of

imaging sea ice and land features;
5. Short Pulse Radar Altimeter: this is a K-

band (13.5 GHz: 2.2 cm) system that senses

a spot_ size of 1.6 to 12.0 km: it is used to

determine satellite altitude relative to ocean

surface to a precision of ±10 cm and wave

heights in the 1 to 20 m range to an ac-
curacy of -+0.5 m.

We shall conline our attention to the imaging
SAR on Seasat.l 4 The radar operates in the L-band

region (1.275 GHz; 23.5 cm), delivering 1463 to
1640 pulses/s through a 10.7 m × 2.2 m baseline
antenna (peak power at 1000 W) that focuses a

1° X 6 ° HH polarized beam pointed starboard at

20 ° off nadir. The swath width of the image strip,
located between 24 and 240 km from the orbital

ground track, is 100 km (62 miles) and the maxi-
mum track length is 4000 km (2480 miles). The

SAR repeat cycle over the same ground tracks is 24

days. The high depression angles (67 ° - 73 °) reduce

shadow effects when the SAR is operating over
rugged land terrain. The resolutions achievable by

the system depend on the method by which the
synthetic aperture data are processed. With an

optical correlator, image resolutions are of the

order of 70 to 80 m. Processing by a digital correlz-

tor has produced images with resolutions up to 20
m: so far, only a selected number of scenes have

been run through this more complex procedure.
The Seas,at SAR was turned on at various

times during passes over the eastern United States.

Part of a scene obtained during orbit 1296 on

September 25, 1978 is shown in Figure 9-22B. The
full swath extended from the Atlantic Ocean off

southern Virginia northwestward into northern

Pennsylvania. The four individual processing strips
appearing in this figure have been mosaicked. This

image was generated by the digital correlator and
therefore has a resolution of ca. 25 m.

14Many of the best SAR images obtained by Seasat, together with a

aeseription of their information content, have been collected kn

an atlas published by NASA's Jet Propulsion Laboratory. See
J.P. Ford el al., Sea._at Views North America. the Caribbean, and

Western Ew'otJe I_'th Imaging Radar.. JPL Puhl. 80-67, ]qSO

372

t



ORIGINAL PAGIr

aLACK AND WHITE PHOTOG_A_

A B

Figure 9-22. A. C_mputer=.nhance Seasat SAR image (25 m resolution) showing sea state in vicinity of Nantucket Island,

off Rhode Island. Varying degrees of surface roughness and the effects of shoaling are evident. (Orbit 880; August 27,

1978)• B. SAR irr,age of central Pennsylvania, acquired by Seasa_ during an ascending orbit (1260) on September 28,

1978, and processed on _he digital correlator system at JPL. The SAR will produce an image with opposing look direction

during a descending or_.it. Since radar provides its own illumination, it can scan a surface at any time day or night. L-

band radar is _jenerally able to "_ee rhr_._gh '° ct_.ld_ and has a high _er_e_rabil;_y' t_rougl', vegetation foi!age.
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_9-65: Can you determine the look direc-

tion in thi_ hnage? Is it vast or west?

#9-66: Why do the foMed ridges (for exa:n-

pie, Blue Mottntain) look ".Hat, ""i.e.. without much

rclie]?

.4_ -r
_-9-6/." .Vear the t,_p, th _ dissected :Ippala-

chian Plateau seems to have some evident relief

What is causing this e]']'ect "_ Why is there a pret'erred

.V-S orientation of rMge crests?

=,9-68: What minor tOl_ographical feature

within the Jblded ridgts shows ttp better in the

SAR image than in Landsat images?

_9-69: Comment on the degree of'disto"thm

(jeature displacementJ evhlent in a str(o. IVhat

as,'mcts of the data acquisition s.vstem faror this

condithm?

#9-70: Locate Ilarri::burg. It, hy does it show

ttp us a rery bright (whitish tone)feature (without

much in ternal strltctttre) ?

Digital tapes containing SAR data may be

processed on various computer systems cal'_able of

reading the tapes and applying suitable routines.

B v using a (C'F coataining orbit 1290 SAR data.

two enlargements of the Harrisburg area were

imaged on the IDIMS sys,cm (Figures 9-23A and

B). Except for contrast stretching, the raw data

were not rcprocessed and the resolution does not

approach the optinmm. Nevertheless. individual

buildings in the suburban areas serve as rel]ectors

whose outlines can bc roughly di:;cerned.

=9-71: .Vote the sharp tonal discontimdty (a

boundary between whitish "m the sottth side to

speckled gray or! the north side) in ltarrisburg near

the top of Figure 9-23B. Inspection of aerial

photos (of Figure 7-14) indicates that this abrupt

clang,, is not related to a large decrease in buiMing

density. One geometric pattern erident in the

photos does change. What is it? Can you suv.gest

how tl;3 might affect the radar signal returns?

#9-72: Note the bridges across the S,tsque-

hanna into llarrisburg (arrow). They seem to be

subdfl,'ded Otto segments by dark lines. What might

exFlain this? (llint: See Figure 6-1D.)

We have already demonstrated with severai

examples in this workbook (see pp. 178-182)Imw

difCcrent data sets may be merged. After appro-

priate scale changes and other rectification, Scasat

SAR or other radar system scenes may be com-

bined with corresponding Landsat images. Tlas

superposition leads to inte_ation of the multi-

spectral character of Landsat data with the topo-

graphical expression of the same area as displayed

in :he Seasat image. The net effect is to provide a

s,zene wi,'h some of the visual impact that is evident

in a stereo inaage (althou_l no genuine stereo ef-

lk'ct is pro!luted) while retaining the color or black-

and-white patterns in a multispectral image. This is

a further aid to classification; the classification it-

sell" could be merged with the radar image as

another type el display.

Figure 9-24 consists of the image subset con-

structed b) mer_ng (on the IDIMS computer} the

Seasat SAR data set obtained on June 16, 1979

over the thmtingtoe. W. Va., area with a Landsat

lklse color composite of the same area :nade !rein

data acquired on July 18, 1977. The resulting

merge is displayed over most of Figure 9-2L bt, t

the lower right comer shows only the Landsat sub-

scene so that the effect of adding the radar imagery

is evident from comparison.

FUTURE REMOTE SENSING SYSTEMS

Now. let us "'switch gears" from past to

future. 'd,hat you have learned about narrow band

visible, thermal IR. and radar images should have

generated some entht_siasm and supl_ort for pro-

posals t.o. latmch mo:c udvancetl, diverse, and

st_phisticatcd mttltisensor systems into space.

NASA's Earth Resot, rces prepares are ira con-

stant state of evolution. Both agency (s,:ieqtific/

en_neering/managerl personnel and members of

the general user community outside NASA _,re

t'Jl,qr_vt_'d with sltggesting imprnveme_!_ i,: e._:isting

6r new hardware [sensors). mission constraints, and
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Figure 9-23A&B. Progressive enlargements of scene shown in Figure 9-22. photographed from the IDIMS TV monitor.

Figure 9-24. Computer-produced merge of MSS subset covering Huntington, W. Va.

with corresponding area as imaged from Seasat data. MSS image alone shown in

lower right.
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program goals. Those deemed feasible and attrac-
tive are often evaluated for several years before

being proposed to Congress and the administration
as a "new start." Table 9-4 summarizes the status

of approved and suggested systems in Earth obser-
vations, using both EM remote sensing and poten-

tin! field me_s,._rement .-chniques, that are current-

ly being considered by NASA. Several such sys-
tems, both approved and pending, will be consid-

ered here, along with reference to Earth-observa-

tion satellite systems under development by other
nations.

The NOAA Role

Undoubtedly, the most significant event /'or

the 1980's in the growth of the United States
Earth Resources program will be tile gradual evolu-
tion of an operational remote sensing satellite sys-

Table 94

CURRENT STATUS OF MEASUREMENT TECHNIQiJES

THERMAL IR MICROWAVE MAGNETIC FIELD GRAVITY FIELD

IN SEA.SAT S.AR POLAR ORBITING SATELLITE

ROUTINE AIRCRAFT SAR GEOPHYSICAL TRACKING

(J_E {HCMMJ SYSTE_ GEOS-3

AIRCRAFT X, C, L BAND) (POGO 2, 4.8)
SEA,SAT ALTIMETER

SCANNERS MAGSAT

376



tern. Following issoano: of Pr,:_idcnli:d Nire.ctivt,

54 in late 1979. tile National Earth Satellite

Service (NESS) of tile U.S. National Oceanic and

Atmospheric Administration (NOAA) has devel-

o,?ed a planning document _s for transfer to its

responsibilities of m."ny of NASA's fl:nctions in

operating tile kandsat program. Both NOAA and

the civilian ._ctor are expected to assume major

roles in providing Earth resources data to both the

national and international user conuuunities. Tile

highlights of this plan are as follows:

I. Continuity of tile Landsat Program thtottgh

the transitional period ill the 1980's will be

assured, although it is possible that there

may be gaps in data coverage at any one

period, especially if a satellite should fail

prematurely.

2. A Fully Operational System. under private

sector ownership and operatioti, could be

on-lint; by It)90.

3. An Initial Operational System, under NOAA

management, will be imt_lemented during

most of tile 1980's. This will consist primarily

o|" a series of Lantlsat-D's (see below). 'these

wiU include tile MSS and the Thematic

Mapper (T.M), ai,_ ;.idv:.lllccd sensor (tnllcss the

TM is not ready for the first launch in

i_.lid- I t) 82).

4. Sometime in 1q83 NOAA will be#n taking

over NASA's responsibility for controlling

the Initial System, after launch of Landsat-

D and checkout of the TDRS data relay

and ground data processing systems.

5. Requirements for future satellite design and

systems operation will bc sought from major

sections of the worldwide user community

H_rimarily, those concerned with agricul-

tural, mineral extraction, and land use/cover

applications_ in developing the Fully Opera-

tional System.

(_. Tile private sector will be encottraged to seek

cvcntttal ownership and lnall;.lg¢lllellt of the

operational system before the end of lhe

decade. As a possible s_enario, olle or inol'c

profit-making organi,tations could be chart-

cred by federal legislatiotl to invest in the

::y_tem, th'ts a::;uming a significant fraction

of the financial risk. The resulting institution

must agree to al::'de by certain regulations

(e.g., comply with the Outer Space Treaty

provisions: Ibster nondiscriminatory dissemi-

nation of data to all public users; protect

possible classified information) specified by

the federal government. Any eventual pri-

vate sector operator will manage the Opera-

tional System under federal regulation,

7. NOAA will retain or expand current policie_

favoring international participation in the

U.S remote sensing program. This will in-

clude .satisfactory scheduling of satellite

operation over areas specified by user na-

tions and continued transmission of data to

foreign Ground Receiving Stations.

8. The United States, through its State Depart-

ment and other agencies, will work coopera-

tively with foreign organizations or countries

that elect to compete in an open interna-

tional market by building and operating

civilian remote sensing satellites to provide

Earth resources data. A principle of compli-

mentarity is proposed to encourage the

United States and Ibreign satellites to have

complenlentary coverage patterns and or-

bital repeat cycles and to adopt compatible

data handling systems.

0. Pricing of data products and other output

will be set at a high enough level to assure

acceptable recovery of systems costs in

accord with public needs. Some federal un-

derwriting of costs will likely be needed

prior to scll'-fillarlcing by the private sector

in order to maiatain affordability.

10. As tile transition to NOAA operation pro-

gresses, the primal' NASA role will shift to

emphasize various R&D functions, including

development of new mnsor anti platform

systems and specialized processing and ap-

plications activities.

15Satellite I'ask Force Report. Planning for a Civil Operational

I,and Remote Sensing System: ..I DiscuSsion of Issues and Op-

/h)ll$. United Stales Department of Conlnlert'_. National Oceano-

graphic and Atmt_spheri¢ Administration. June 20, 1980.
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Landsat-D

['he next t'ir|h step hire space I'or NAS,&'s

Earth l_csour.,.'es l.'rogram will l.'c I aIldsa[-l), now
seheduh.'d for launch in !"}$2. Consideralicul of a

rl,t'w g<,.'/l_.'r/lli,t_/I Of ,o_:.ser'ritlg S.V.',;belIl,',;,'wil_! signifi-

:..'.'[Ill improvt'111¢1Ils ovt'i- rile t'llrrt'tl{ [.,111dSillS. has

bt'cn undt'rway since I')70. cuhnin:lling wilh :m

illl,,.'llSiVt" sll]dy ,,.'f si'IISOl'. [hiSs[on. ;Illd llser re,,]llirc-

n1¢nls in lht" l_:indsal l:,Hl,,v,V-Oll Im_graln. Ovt'rall.

lhe syslt'nl is l.'cing designed Io l.'rovide bt'ller

Sl.'alial :ind sf,¢¢lral 1"¢sOhlli,.'m and ilUl.'rovenwnls ill

proeessiII,..t' :ind delivcr.v of dill;.! for Ill,,.." user ¢Olii-

munily.

I an,.Ix, l-IL which will I',¢ lalulche,.l I"3 ;Ill aug-

III.k'lllt.'d D,.'][;I l'ockt'l, ll._it's ;I new l.'];lllorlll 111¢

Mldlimissb_m Mo,.lldar $1,;tc¢cra/l (MM$). l'llc

.spat'ecr;.ifl will ,,',rbil al an ;lllillI,.[t" of 7('15 kill;

r¢Irieval bv lhe Space .";htillh." is possible frc, ul lhis

;.llliludt'. l'hal orl',il l'_rovid,.'s :l r¢l.'t'al liln¢ of

sixlt'¢n days :m,.l. if lht" launch of [.:im.ls:ll-l)' is

alilhoriz.,..'d, lht" cych." b,,.'lwet II observ;ilions _.H"

il SCt'IIk" ¢;lll be l'l.'dIIcl'd 10 eighl d;l.x s. ]:or a siII,2.']e

salcllile in orbit, a,.ljaceHl sv,',flhs ,,,,'ill he covered in

"7 IO "1 day hllerv;lls. Whell ;wo sp;.ic,..'cr;.ifl ,,'H_,,.'r;H.;.•

in lht' eighl day in,,'u.le, adja¢,.'n[ sV,'zllhs in,Lv be

san_plc_i ell .c.t:,i_sccl.qive .days i.q il wt'MerJy ;]irct'-

{iOll, ;Im.l ally giV,,.ql sc¢tle will bt" iIll.;Igetl every

tqghl day ,,..k :v+t.llh v, idlh o( I,";5 k ln _a.ill bc main-

lail:e,.l, wilh a _.ayli_hl t'qualori_H erossin_ lilne
of ill'Olllld_):._O,l,III.]OCil]till[e.

.\ recent version of tilt'l]igh{seglnenI l\.'rlilt"

l.andsat-llmiss[tin is sht+wn illFigure ')-25.Several

>iill+l.'Ol'Iill_ Sill¢llilesillllle diilil;h.'qIlisilionalId

ll'illl,"illli+PiiiHl>ixSI+,'IIIill'CIt.'l+cl_]ilCCdill_ct_slillio+t-

:uy (synchronou.sI orlqts, ..\ series of NAVSI'AI{

(ilobal positioning S._slcm tGl'S_ salelliles will be

IIS¢I] lt_ illll_l'OVl" lh¢ ;ICCIIl';ll'y of cphcllleris [hwa-

{iOll ill oIl',il ) ,.liIl.l l,ar I ilndsat. One of two l'tackiIIg

an,.l l}ata Relay .";alt'llil¢s ('['l)l,tSl s:.'n't's t,:, lCCcive

siglliIlS frOIll l.alIdSal-I') ',Is it [l'illlSlIlilS l'I'_HIl lower

OlbH ;mywhere ,.vilhin lh¢ lim.'-tff-sighl Io lhal

['I)RS lhal is covering in,.'_s[ of .I hemisl,hert', l'wo

I'I)RS's till 41" W and 171" W hmgiludes_ will

pro_,idc rc¢cplion ilnd II;IilSlIIiSSlOll ¢;IpiIl',ilily for

mosl of Ill,,.' .,_'lol_e. ()no I'I)RS u, ill c,,',mlnunicalc

dirt'¢ll,, ,,,.ith a stalion ill While .";.mds. N. Mcx.. {o

st,rvicc inosl ,..'I III¢ W,..'slcrn Ik'misl',ht'rc. whilt" lhc

n,...COlitl :.:-;llCllih.', l_Osiliolwd Io iiiollilor l:lllope lind

:\frica. ,',m ¢onunulficale wilh lhc firsl i'I)RS. This

confi!,.uriilb, m ¢liminales [he n¢¢,,1 l\'_r relian,:c ell

l;ip¢ l'e¢ordt, rs Io lit'till[re ,.lala ilWily l'rOlll grOlliltl sl;l-

liOtls, l'hd,.';,e l_,m.'igt_ sl.'_lio,i'i's _r_w ,Ol_.'ra_'it_g or

pl:uuwd will continue to receive raw da[:l dire¢lly

as desired. Dala al [he While Sands I'acilpy will be

¢oiiipii¢led for relransnlissiol! rill ])olnSil[ (DOllieS-

l ic (',.unnumi,.'ali,_ms Salt'llile_ IO (;,._,.Id.m.l :,ipa,,:¢

Fligh[ Ccnl¢r for inilial l'm.'_¢essing. Aflcr prc,,,:ess-

ing iH tiSF(', rile ,,lala will bt, relayed a,.z:lin by

]),.))n.,,;;H Io Ihe I£R{)S l)alil (.'eiHer (I£I)("} near

Siou\ Falls, S. I)ak., for further prcpar:flion ill{o

images and I,'(.'l"s. The n.,l:ly salcllilcs, Iogelher

wilh high dala ralcs in [ransmission and processing.

fermi[ rapid I_,mdling of much laq_cr volutttcs o(

dalil [hart previously possilqe wilh Landsals-I.-2

and -3. I'his ¢lllir¢ processi_g procedure is being

COllfigllrod Io prmi, lea "'lllrll-ilrt_lilld'" lillle of

forly-¢ighl {o sevenly-lwo hours between [rails-

mission froln [.and.'_l[[o recepliolla[ I:[X',where

['illill proc',2SsiIl_ Ill[lOS t'H" ;I Week or Ioss ilrc .[nil-

tip;[led..,\n imlicalioll of lhe ctmlr_h..xily of dal:l

IIl;,ll;l_t'IIlelH for .illS[ Olle gr,:,mld seglllelll of lhis

rt'lay link is evidenl from lh¢ fh.v,v diaglam ill

l:i_Im" 0-2n. whi,,'h sb:,ws Ill,.' scquem.'t, im'oh,'o.l

in pmct.ssing at t,,m.h.lar,.l.

In ordt'r to ptCSClXC con[muir:, with [ht" .MSS

dala oblained by lhe I'irsI Ihree I.ands:llS. Jill iden-

Ileal illslrUlllCnl (excepI I\.'r lh¢ Ihernl.'d bilnd'l x_ ill

be on board i_and_ll-D. Ilowcwr, L;IndsaI-I) will

carry a new sensar wilh si.,a lifi¢;.lnlly improved sp:l-

Ii:ll, sp¢clral, and r.'hlionwlric ch:mwlerlslics. I'h¢

I'hem;tlic Mal,pcr I, I'M). even though ofl'icizdly :ul
¢xperinlental or I?.&D (Research .u',..[ I'Jevcloplllent_

instrulnen[, is eagerly awaited by tile user COIII-

II_IJIlil.V l,t't'iIII..;e of [Is m)lal.'ly improved perfonll-

,met, spccil'icali,.'uts. l'here v¢ill be seven channels on

I'M. sclecled Io of, limize ,,leleelion of vegelalion

I Figure <.'-21 }: their character[sties are sununarizcd

in I'able '1-5.

l'he placenwni o[' these i',ands wilhin [he I:M

SlWClnun may be readily visu,,lized I'rOlu Figure

')-27. Nole Ihal r,I I lies in lhe blue, Iht,s alh_wing

l"+rodIlCl iOll oI" llil[ IIl";ll color images.

=')-'.¢: h'hich thret' T.I! t_,mds arc ,t'edcd to

prt _,ltwe a Ihlltl/'al _'o/or i/Hagt'_'
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The quantization levei for TM is a factor of 4
(256 versus 04) better than on MSS. This means
that smaller differences in retlectance can be meas-

ured, so that discrimination among objects or fea-

tures with close spectral sinailarities should be
somewhat better. Thus, variations within plant

communities, which might consist of different
crops, deciduous tree cpecies, or evergreen types,

may be more closely defined on a quantitative
basis. Although the choice of wavebands was

governed largely by requirements from the agricul-
tural community, other disciplines will find that

several bands are particularly suited to their needs

as well. Both SWIR bands, TM 5 and 6, will prove
useful in identifying inorganic as well as organic

materials. r3,1 band 6, for example, is sensitive to

watc_ conten_ hi certain mincral constituents

(such as the clay minerals) in rocks and soils. Ex-

perinaents with imagery and numerical data ac-
quired by a TM simulator flown on an aircraft have

convinced exploration geologists of the efficacy of
the three new bands (TM 1, 5 and 6) outside the

MSS spectral range, along with greater radiometric

sensitivity and higher resolution, as a powerful new
tool to search for surface alteration products as

guides to ore and petroleum deposits.

A striking example (Figure 9-28) shows the
effect of using TM bands 1.5 and 6 added to bands

now on the MSS in discriminating rock types and
alteration zones at the White Mouhta;n area of

southwestern Utah (see also p.443 and Fig,Ire B-I 6).
The data, acquired with a Bendix 24-channel

l:igure 9-25. The Landsat-Ddata acquisition and transmission (relay)system.
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scanner, have been subjected to Principal Com-

ponents Analysis (see p. 440 ); original 3 m pixels

were reformattecl to a pixel size of 30 m. The rock

units are remarkably defined in this representation.
Clay-rich alteration (alunite-kaolin:'te) zones, often

previously misclassified from MSS data alone,
stand out (pink tones) as easily separated from

hematitic alteration (lime green). The limestone
,;s uniquely identified (red). Basalt (purple-pink) is

generally distinguishable from andesite (deep blues

and greens). Deviations of rock class patterns from
mapped boundaries (see map in Figure 9-28) are

largely explained by variations in vegetation cover

and effects of slope wash (which extend beyond
mapped contacts).

The increased resolution is achieved in part

through larger optics that better the signal to noise

ratio. Improvement is also rea!!zed by using sixteen
smaller detectors per band (comparett with 6 for

each MSS band), arranged in an array that receives

radiation during a scan timed to cover a ground
strip of 185 km by 0.48 km (480 m). The resolu-

tion of 30 m (480/16) is equivalent to an IFOV of
42.5 Brad. The number of pixels per sca_. line is

initially 185000/30 = 6167, but this is adjusted to

6320 by adding repeat pixels. Unlike the Landsat-I

scanner, in which radiation is admitted to the
detector only during the counter-clockwise (west

to east) oscillation of the scan mirror, the mirror
on TM will obtain data in both directions or' a scan
as it oscillates back and forth. This allows for more

dwell time on the smaller I FOV targets.

#9-74: The IFOV of Landsat-i is 79 m by
79 m. What dec#rod j?action of this is the IFO V

for TM? The ground resoh_tion of a Landsat-i

pixel is sometimes quoted as 1.I acres. What is
the size of the 1170 V (ground resohttion element)
of TM in acres?

#9-75: Assuming t/tat a training field requires

a minimttm of 25 pZ_els for statistical ralidity in
signature e.x'traction (by c!ustering), what is the

approximate size in hectares (2.47 acres, or 10000

sq. m) of such a sampling site when scanned by
TM? (,Vote." For the MSS, the corresponding size

of a training fieM is 16 hectares.)

The increase in spatial resoh]tion from MSS to

TM, that is, from 79 m to 30 m, will produce

" 7-'i ] Iopt._,1tons, i i ICImTIII l))J
....... i -------_ i !

CL?'_...................._ ...........2 .........;;;;z;;.-"-i...............T.......................T..... _-_
DOm*T _......... ; ...................... ._ CS_'lCcz7- 7- / ,o- I 5 _ k.,==.,,,- _._0

?:/ \ \ /"=--

tA_r_ CtnTtll

__ o_lrs ! _ ) t--------d,;o!.:J==,

ORRIS - DATA $_CEIVE RECORD AND rRA/ISMITSYSTEM r_ _...-.-d_.. t4_

Fi_,re q-7_ I')_a_a flnw within tha I nnrlc;_tt-I'l dnt_ management system.
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T_b_ 9-5

BAND

TM 1

TM 2

TM 3

Spectral

Width (/Jm)

0.45-0.52

0.52 0.60

0.63-0.69

Radiometric

Sensitivity

(NE A p)

0.8%

0.5%

0.5%

TM 4

TM 5

TM 6

TM 7

0.76-0.90

1.55-1.75

2.08-2.35

10.4-12,5

0.5%

1.0%

2.4%

0.5°K

(NE A T)

Resolution: Band 1-6 = 30m

Band 7 = 120 i+1

Ouantization Levels: 256 (2 s) bits

Primary Use for Vegetation

Detection

Chlorophyll and carotinoid variations

Mainly green color response

Sensitive to chlorophyll
concentration

Vegetation density (biom,3_)

Water in plant leaves

Water in plant leaves

Thermal properties

Data Rate: 85 megabitsls (compared with 15 megabits/s for Landsat- 1)

ill_;;gcs contp,lr:lble with the RBV career:is on

l+',mdsaI-3,re gel :lfeel for i11wnwed image ilualily

due ptim',lrily to sp'alkd rcsolutio|L cxa|uh_c Ihe

photo :rod httagcs ht I:igtzre o-Zq (se¢ also Figure

5-I'I. l'hcground scene, hi;duly t'icklsin the North

(',H'oli:I;I co;Int;.II pl;.lilt.-;oW;.l_ r,hologr, lphcd o11 co|or

IR fihu at hi.,.:haltitude from a 1.1-2and then

im:tg,+itl sc, n'wwhat later I',y a rM Simttlator ar..I a

[.andmlt ,MSS ntottnted in aircn;l't',lying at altitudes

chose, t,1 provide [hu al'proprJ;i(¢ resoltltiOltS, le'

Fs:;enlially tIt,"SalP.e spool r;ll interx':.lls COlllrJbtlh." It+

each false color rendition.

I'he :ldX'.:tll of II1¢ rM ;Hid l|S supportive sys-

tell'LS pl'Ollliscs iiltlch for |he tlS_.'r COlllllltllli|y.

Aplqicafit+ns of iltallV kinds, a,ld I,arlicularly to

most I:arlh resources disciplines, will prol+;dqy be

tlttlqh tllOle lc3sJble, el'l]¢ictll, :llld effective Isegatlsc

td" the dcveh)plllerll of this llCW illslrtllllelll. |low-

ever, :hc.,.c high cxpccta;ions must I,e tempered by

one conslraittt that will challenge the user's process-

i,_g capalqlit ies.

=U-To: It'hat is tiffs constraint? l/lint: think

,Itt,lntit)'. )

:0-77: Fhr{>ll.qholtt this wl>rkl_>ok as yt)ll

t'.Ydlllillt'd Illllnt'rllli,_ dt_pli('_lliollS. )'Oil Ill) (]l)ttl>t

.fiqt .f'r, stmtcd I0' tht' hwk of spathd resohtth)n or

the limit,lth)ns in ra,lh_mctric scnsitiriO" or abst'nc¢

iI.f" natuhd t'oh_r itnd,t:t'r)'. List at h'ast fire applica-

thlllS (_t" itllt'rt'$t to .volt lhdt sholthl bt'o>tne ttlore

workdbh" drill bt'tlt'.fTckll ht'qdttst" o]" tilt' charactcr-

isth',v o]'th¢ TM.

It_l"he author has noted certain dangers in this type of ¢onlpatative

stnttdation. Although calcul',tkwls front tl_ght and _n_3t par:mle-

_ers lead to _tt_e slated value for resolution, other factors (such

.is |qlOtOgr.iphJ¢ teplx_dtlctlt_n) Ilia)' diqogt the lel.llive differences

In app;ucnt r_slutk_n among int:q:es. Thus, the 2 m [I-2 photo

tc_lulk_n does th)t I_k dgamattcally belle! than the 30 nl TM

regqtllion.
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LANDSAT-D

Thematic Mapper Spectral and Radiometric Characteristics

46 ° Solar Zenith Angle TM =am= 460 Solar Zenith Angle MSS

----- 10 ° Solar Zenith Angle TM ==ram 10 ° Solar Zenith Angle MSS

1.0

0.9

0.8

_j 0.7

0.6

0.5

_ 9.4

ee 0.3

0.2

0.1

0.0
.2

.......... Hydrothermally Altered Rock |Courtes , of JPL and USGS)

_ Typical Snow Conditions [9]
I _ Desert Land [1]|

°- °.°

.3 .4 .5 .6 .7 .8 .9 1.0 1,1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2,3 2.4 2.5

WAVELr_NGTH (MICROMETERS)

Band

TM 1

TM 2

TM 3

TM 4

TM 5

TM 6

TM 7

Wavelength
(l,m)

O.45-0.52

0.52-0.60

0.62-0.69

0.76-0.90

1.55-1.75

2.08-2.35

10.4-12.5

NEap

0.008

0.005

0.005

0.005

0.01

0.024

0.5 K

I

Basic Primary Rationale for Vegetation

Sensitivity to chlorophyll, and carotinoid
concentrations

Slight sensitivity to chlorophyll plus green
region characteristics

Sensitivity to chlorophyll

Sensitivity to vegetational density or biomass

Sensitivity to water in plant leaves

Sensitivity to water in plant leaves

Thermal properties

F_;ur_ 9-27. ¢ _r_'r_ _nd rad_nmetric characteristics of the Thematic Mapper on Landsat-D.



Figure 9-28A. PCA image of White Mountain, Utah altered rock units, produced by computer

from the aircraft-mounted Bendix 24-channel scanner; pixels resampled to 30 meter squares.

WHITE MOUNTAIN. UTAH

-! . HY,_ y

-_ _ ;-;_ I,////'////,I//1

_PALEOZOIC C/_LLVILLE LIMESTONE

_i 0 1 2 3 K'.'I I I ALUNITE AND KAOLINITE

_dEMATITE

I-igure _-286. Geotogica, map of area sr.owmg matn alteration zones.

ORIGINAL PA(_I
COLOR PHOTOGRAP_
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Other Systems

Beyond La,,dsat-D, the plans for specific

new satellites, sensors, ground systems and missions

are still tenuous, but, on the basis of programs now
being considered, the outlook is promising. Under

considezation by NASA is a sensor that utilizes a

different type of detector. Closely spaced, micro-
sized (ca. 10 /_m) radiation-sensitive elements-

termed charge-coupled devices (CCD's)-are posi-
tioned in a linear array arranged normal to the
direction for forward motion. Several thousand

elements in this row (the number affects both the
IFOV resolution and swath width) are sampled at a

very rapid rate to produce a current s:,eam that

varies with radiation-induced charges on the array

elements. The elements are discharged in time to

receive radiation from the next sampled ground
line as the :pacecraft moves on. This use of fixed

solid state detectors for scanning obviates the need

for a moving mirror, which largely eliminates the
distortions and displacements of pixels that hinder

the geometrical accuracy (and necessitate resam-

piing) of MSS data. The process is known as "push-
broom" scanning by analogy to the motion of that

janitoF, al tool (Figure 9-30). A prototype sensor,
called the Linear Array Pushbtgom Radiometer

(LAPR), has been developed at Goddard. A sample

COMPARISONOF U-2 AERIALPHOTOGRAPHYWITH
TM SIMULATORAND LANDSAT-2MSS COMPOSITEIMAGES

U-2 TMS MSS

DARE: 4/10/79 1114/79 713179

WAVELENGTH: 0,51 - 0.|0 pea O,S2 - _ pm O.SO - AM I_

0.03 - IUHI pm 0.80 - 0.79 pm

0.70 - iLmpm 0.80 - 1.10 pm

APPROXIMATE

GROUND _SOLUTIOD: 2 METERS 30 MZTIBIS 18 METIERS

!" ,=o=rt= I I 'm I 1°m I

Figure tJ-29. UomparLson ot Nortn Carolina Tarmland jrnaged at 3 different spatial resolutions.
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Table 9-6

SPOT

(Syst_me Probatoire d'Observation de la Terre)

ORBIT Sun Synchronous, Circular

Altitude

Inclination

Equator Crossing
Coverage Cycle

822 km

98.7 °

10:30 AM

26 Days, Pointing capability
across track allows several looks

at adjacent areas.

SENSO;_S

Multilinear Array

Pointing Direction
Spectral Bands

(3-Dichroic Prisms)
or

Panchromatic

(IFOV)

2 Pointable
Across Track to 26 °

.50-.59 =m (20 M)

.61-.69 =m (20 M}
.79-.90 =m (20 M)

.5-.9 (10 M)

SWATH Wl DTH 60 to 200 km (Max)

LAUNCH Early 1984 (Ariane Rocket)

of imagery produced by this LAPR is shown as a
false color composite (made from I,APR bands:

(1) 485 nm (blue l-alter): (2) 600 nm (green); (3)
825 nm (red): each with 45 nm bandwidth), in

Figure 9-31.
NASA is also pursuing development of a

spaceborne linear array system. Several designs for

an M LA (for Multispe,:tral Linear Array) sensor are
being considered as the prime instrument to be

chosen for OLOS, an acronym for an Operational
Landsat Observing System to be developed by the

late 1980's. According to present plans, the opera-
tional satellites to be launched then (from the

Space Shuttle) will be designated the Landsat-E
series.

This new sensor technology is likely to be

space-tested first by the French. A satellite, SPOT-I,
is scheduled to be designed and built in France and

launched from a United States l=acility sometime
in the mld-lOS0's (Table 9-6). As now planned,

the pushbroom device on SPOT-I wdl have both

panchromatic and muhispectral capabilities, will
achieve resolutions to I0 m, and will view both

downward and to the sides by using a "pointable"

optical system.
Many Landsat users have commented on the

value of stereoscopic viewing, especiall_ for carto-
graphic and geological studies in rough terrain. The

geolegical community, in particular, has proposed
a Stereosat system (see p. 79) as defined by JPL,

or a Mapsat as specified by the United States

Geological Suwey. One configuration would mount
two high resolution panchromatic sensors at an
angle (26 ° off nadir) between them. This allows

viewing up and down track (fore and aft) with suf-

ficient separation between principal points in over-
lapping image pairs to achieve an effective differ-

ential parallax. A higher range of base to height

ratios than the 0.07 to 0.174 (latitude dependent)
obr._ir_ab]e from Landsa'-I will be sought, to in-
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crease the vertical exaggeration in stereo viewing
so as to hnprove photogrammetric accuracy. One

way to raise the ratio is simply to lower orbital
altitudes, but this decreases swa.th widths.

Probably the key element in future Earth

resources pro_ams is the advent of the Space

Transportation System, better known as the Space
Shuttle. The Shuttle can be used in a variety of

ways to assist and expand observations by remote
sensors. The manned mode permits resumption and

extension of experiments in sensor testing and in
visual documentation of both preselected surface

features and "targets of opportunity"; this con-

stituted a major part of the Skylab mission. Among

new equipment for Earth observations is the Large

Format Camera (LFC). capable of photographing
scenes at a scale of 1:1,000,000 with a resolution
of 15 m or better. Other sensors will be mounted

on pallets that can be dedicated to specific mis-

sions and applicatiors and then later re-outfitted
with different instruments. NASA has already

accepted the European _Cpace Agency's proposal to

fly its own space laboratory., the Spacelab, which
will include remote sensing devices amo2;g its

equipment. Different payloads will be lauo. h,:d on
M.ltimission Modular Spacecraft (MMS) from i,:e

Shuttle and then serviced periodically in space by

subsequent missions or retrieved for repair back on

Pushbroorn Imager

SPATIAL RESOLUTION
PICTURE DE'fERMINED BY

ELEMENTS-N _- _ DETECTOR ELEMENT SPACING
(PIXELS) \

::llllllllIllIlll

fttf!l',llI',lll_ll

llltl|llll|_

LINE ARRAY

I SPECTRAL RESOLUTION

DETERMINED BY GROUND ./'_S'_..TRACK VELOCITY AND OPTICS ..

1 LINE READOUT INTERVAL .__"

F;_Ju_'u9-.q0. Jc,°,e,,ctJ.._"_,,,.,,,,,'" " ,.ji.:Je,.jenere!_.;,,_iaL.t:,isti_of a pushbroorn m,_agmg sensor.
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Earth and relatw_ehed if warranted. Truly, the

options olden to the Earth resources user commu-
nity as Shuttle flighZs become routine should

Oroaden our horizons into unch_:rted doma.ns in the

ever-expanding realm of apl:lications af remote

sensors.
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A SUMMATION

SOME CLOSING THOUGHTS:

PRACTICAL PAYOFFS

FROM SATELLITE SYSTEMS

r ¸

What is there left to say about Lands_t and
remote sensing? Not much more, really - at least
not in this workbook. The best summary at this

point in oursurvey should now be solidly embedded
in your mind. Still, we shall ask you at the end of
this section _o transfer some of these mental treas-

ures to paper, by writing in your own words a brief
precis and an appraisal of your perception of remote

sensing as a practical tool ill the applied side of your
professional life.

Belbre then. however, we shall delve into two

new topics in some detail. One concerns the eco-

nomic payoff or benefits-to-cost ratio of satellite

remote sensing, both as a substitute tbr conven-

tional methods of monitoring and assessing re-
sources and as a supplement to these methods. The

other topic is concerned with how Landsat and re-

lated satellites fit into more comprehensive models

for resources management. This recognizes that
remote sensing should only be, and indeed is, but

one essential component in :v complex system that
aggregates technical, socioeconomic, political, cul-

tural, and other factors in the human decision pro-
cess of "running the world."

ECONOMIC BENEFITS

Some Previous Studies

Perhaps no other facet of remote sensing tech-

nology is in as much need of a well-defined set of
principles, a lucid exposition of underlying con-

ccpts, and an objc,:tive evaluation of conflicting and
often confusing factors, as that of the benefits-to-

cost values resulting from commitment to a satel-

lite-based Earth observations system. Stated more
simply, the subject of the dollars-and-cents value of
Landsat _o both the United States and the world-

wide user community is a very touchy topic and
triggers outspoken differences of opinion and severe

criticism on any '_ttempt to be quantitative and

specific. As in sc many other types of economic

estimates, there arc ill-defined variables, unreliable

inputs, subjective assumptions and incomplete or

even omitted quantities that together enter into a
"best guess" calculation of the expected returns
from investments in a government-sponsored remote

sensing program. Yet in the Landsat program, the

U.S, Congress, the Office of Management and
Budget (OMB), federal agencies, private industry,

and other segments of the user community have all

demanded an accounting of the monies spent on
Landsat, balanced against the demonstrated and

projected benefits in terms of dollars, before

Landsat-D was approved. Early estimates, mainly



llSillg reports I'ronl Ihe inore Ihiul Ihree hulldred

Princil_al Inveslig:llors in Ihe Landsal-I and -2

researchSltldk's. were lu.'bulous, since most partici-

pa11[s were researcherswithotl! opcraliolml respon-

sibilities who lacked the experli_' to make valid

;ISSessmeIIIS. Several subsequent Sltldics Made under

Ct_lllr;icI Ill NASA were carried otlt by eXl'cricnccd

economists workhlg Iogelher wilh .%ySlelllS ali+.l dis-

cipline specialists. The resulls were credible in a

general sense but suffered from the uneertahllies

introduced by the same generality and ilnprccision

thai characterized Investigator Reports ;Ind other

sources. In other words. [lie methods applied Io

the studies were sound, but the data1 on which

I_enel'ils were determined renlamed inadequale.

As tile l.andsal i_rogr;Inl m;llumd Ihrough

experience, it I_ecalne nlore fashionable as well ;is

inert practical Io iliCI!.lde s[atelnenls ,l['_Otl[ I'_ellef[{s-

[+.l-cos[ HI published I"cports, papers given at lllCel-

hlgs. ;lid reviews, lesli111ony, or proposals presClllCd

It) x';iri+.+tlS gO'+'orliilICll[ +.+rindtlstrial or l..I;liii/.;l[iOllS.

hi t'a¢[, the groxving inw, ortance of the sul',jcct has

actually led to three Uonferenceson tile I._¢tmolnics

of I,P,etnote Sensitig, heh.l irl (.',tlit\miia in 1_')7o.

IL_78. atnd l_)SO. Ilowever, 1mln5 of the i_;spers in

the Proceedings t+[" these Cc, nferences, as vvell ;is

olher sources of ¢OlnllICnl;iry Oil benefils-[o-¢os[,

CoillilitlO [0 COllCClllr:llC Oil ,,,,,t'11cr;llilics ;llld dil'l'i-

cuIIies ralher than inCetlng the topic head-on by

providing specific values for dift\'renl ;ippIi¢',itions.

Cost-benefil sit,dies are I_;lrticul;u'ly relev;nl[

to tile internaticmal ¢onlxnunity, CSl"ecially tile de-

selol'+illg tl;lli('lllS ill ll¢,..'d of ;ISSiS[;lllCC I'l'l.'llll lhe

tlnitcd Nalticms thrcu,gh such spons,.,red :,gencics ;is

IINI{SCO. the _VoI"M Bank an,.I the I:oo,.I ;lid ..%gri-

cultur:ll t)rgani/;iti+.',n IF.-%l)l, as well ;is frotll stteh

..%lnerican groups ;is the ,Xgency for [tllernatiOllal

I)evelol'uncnl I:%11)1. Many countries have no

;ll'fordable me;ins [l'l con+.ltlct inventories of their

Iialliral resources or It) Ill;Ip their lands :llld pOpll-

I;itiOl; distril+ution, l'his tl;,nsl;itcs riot ouly into al

lack of ftlnds but also, inert iIllpt+rlanlly, ;+lie ;I

scarcily of +rained personnel albleto execute the

_tlheys, Ill [his +,,'OllleXl, ;.1 Sl.llnlllilr% of cos[-l'Selle -

fits. with special reference to undcr,.leveloped

nations, appearing ill ;I It177 Nalional ..%cadcnly of

Sciem.es Rcpt_rl I is relevant to Ihe poinls already

raised in preceding i_ara.craphs. I'lle following

section:; exI:aclcd t;o,i; lh,l[ icpt,_i .ll,l,i.x in gcner;li

It) [lie enlire prol+lcrn of +.le'+'elol+ing meaningful

I',erie fits-to-cost ;umly:_,s:

"" . . . A decision m ¢Ollllni[ re_itirees

s!lotlhl 1'+¢ based, at lea.sl ill par[. Oil ;1 ¢;ll'el'lll

weighing of costs and henefits. The c+.+tnplex

;ItltI int-'tail+le dlaracler of sp;1¢¢ relnOlc

sen.sing, however, nlakes bcnefil-¢o._l anal)'._is

parii¢ularly inlraelabl¢ for Ihe i_urpos¢ ;lid

illlilli;ilely ilol very nieallillgful.

('osl eSlilnaliOli Call be :i relatively sir;ill;t-

forward (il" Iltl[ ;llxva.Vs relialblel pro¢edur,,."

0liCe the ell.'ln¢lllS of¢os[ h;l'+'e been +.lcfined ill

;I I,encl'it-cos[ equalion. The ob eetive of tile

analysis will deter;nine the degree of their

inclusiveness, l'hus. Ix,+'+.+nlaior benel/l-¢osi

sltldies re¢elllly ¢Olllpleled ill Ihe Uniled

,";lales inehlded on the ¢osl side all expend;-

lures ;isso¢ialed with Ih¢ developlnelll ;ind

operalion of Ihe I, and.,_ll spa¢e ;lid grOillld

segllieillS be¢;itlse Ihey SOtlghl It+ assess lilt"

lolal value of lhe s)'sleill ill ;I naliollal eildeav-
,o

tlr ....

" . . . :% Irowing Iileralure describing ¢onl-

pleled projects thai were based oil rt'iilote

sensing tlala Imwitles I_lli_'s ¢olnpariill in

eti¢h instan¢e cosls in¢urrcd using splice

derived daila with prex:iiling cosls tlSiiig

COllvenlionaI _)tlre¢s. hi this respecl g;liil is

silnply lh¢ cosl saViilg In;;de possible by Ihe

subslilulion of Ollt, leehnique by :lnolher [o

gel ;I certain ob dolle. ,'_ii¢h ¢osl efl_'¢liveiless

is warr;inled in discrete Risks Ihal allow the

perforlll;.inc0 of allern:ilive illolhods Io he"

colnpared ;ig:lillSl ;I spe¢ili¢ set of ctlnslrailllS

:;lid olyie¢tives .... ""

" . . . Ilenefil eslinlalion in ;i inert _cileral

St'llS_.,, ;is would be o¢¢aSiolled for example I+.%'

the i+rosp¢CliVe decision It) ¢rcale ;i nalional

renlole X'llSill_ ll_'r ¢al_abilily, presell I.'_

problenls of a wholly differenl order. If ;i

Il,Hiio!l., seliMii!2 eapahilily is It) be viewed ;is ;111

inslilulional resource. I_enefils inusl be placed

3_)t)



m a relatively spadous time tr:m_c that would

;,lh)w the "'h:arning curve" cl'l_'cls to maltil'csl

thctllselvqs. Moreover. I',Cllel'Jlsttlltsl l'u:

a.,,sessedIlOl Oilly illternlsof cost :_a','JIlgSor

mlprmcd pcrf_mnance |hal mJghl bc obtahled

over k'tiii-qnlcotlvt2tllit_iialdala ,:L:ilhci'in_

l'IIIICliOIlS,billal._oin |erlnsoi" llt.'_vI'IIIICliOIl.,;

lh:Jl remote sensing uniquely might make

possible. Ilistmction it) the I_cnel'its also will

tlu¢d lo be nl;ide :is to whethu'r they ;ire l;lllgJ-

hie ;llld qualllJlJ;ible (clear ¢COllolnJc relurns)

or tangJl_h: but iIoI quatllJfJabl¢ tJnlprovcd

decision m:lking) o,' hlt;Ingil_le I_.'ducalional or

sck'nlific vahlcsl.

It will be s,.'¢n lhill Ih¢ rcslllls of ally giv¢ll

study will I',,.' lypically very sensiti_,c to the

palliClllar set ,,}f ;iSStllllplions thAI is Illatl¢.

both wJlh regard Io Ihe proj¢cled lecllnJeal

l'_Orl'tll'llldlICk" of lhc I'¢lllOt_.' _k'll_Jll_ _.'l'ViCe

facility in qucstitnl, ;|rid with regard to the

Illall;l_¢lll¢lll decJ_JOllS CI)llSk'tlllent IlpOll Ih¢

tlS_.'of tll_: I'acilJly'S OIIIplll .... ""

"" . , . Ill ;Ill)' ;ll_l'_lJcillJOll, lh¢ ¢slJnlalo of

I'_oIenlj;ll I',..'n:'ljls can be ;I useful first stt.'p.

I'u.'causc If they are lalgc it sugycsls that tile

fi,,:h.I is u,'_arth fluthor jrlve..,lj.,.zaljc,n. l'yl',ieally.

Jn order Io reall/c polenlJal I_¢nclJls. signil'i-

cant anclllary social ;ind prix';ileJllVeStlllelll

IIKI.X {'*C I'Ct.IlIIICd ,Itld, ill ",OIllu" ....',I_C_,,,Ill ,ICIiX it\

Ilia)'havt.'11,1be StlbSlalIIJaIlvic_lriI,..'lui'ctl.

The central point here is that relnOle sensing

data as ,such ;ire of 11o ¢COtlOllli¢ value. They

take on value when they are translated into

usable information Ihal will actually affect

the behavior of individuals and org,'mizations

so as, for exantple, It) change the level of out-

pill. It) rethlce tllicerlaJlllJes, el¢ .... ""

"" . . . lu the tecimologically advanced ha-

lions, there already exist information systems

that "'users" arc fauliliar with and accustonted

to integrating into their decisions and activ-

ities. ']'o Iheln, remote sensing data may often

represent primarily a cost-reducing method

for acquiring mw data. although it ulay be

Ileces:_lry It} adapt the system alld ChaliCe

certain institutional arrangenlents .... ""

"" . . . [n contrast, in the developing work[,

especkflly in activities such ;,s agricultural pro-

dtlct ion, illformatJoll systems are nonexistent

or prilnitive, and potential users may be unfa-

miliar with how to integrate into their decision

processes hlfortllation of the sort that nlJght

I'_ecome av:lil,:ll'qo through use of relnOte sen-

sing and ancillary technok'_gy. 111this sit|ration.

the potenti:lI benefits Illav be ¢vt2n larger than

they are ill the case o1" developed societies,

but the realization of this potential may re-

quire Im_l\}und oh:rages in practice, institu-

lions, and behavior...."

A New Assessment

WHh Ihcse bilckgrolllld r,..'tll;.il'.k:,. it) Hlilltl. x,_.c

shall IIOW proceed to cotlstrlt¢l a broad Sllllllllary

Ol'stlllle aSpectS Of I'_CtlCl'ils-lo-¢OSt atlalysis Ih:ll VOU

Ill/.ly '_vJshIo kilo'0," before Ill/.IkJll_ IF I]ll;ll jUdglll_?lll

ill IhJs workbook on lh¢ efl'Jcacy of remol¢ St.'llSJlig

,IS atlothcr l¢chllJqtlC for g:llherJllg JllfOrlllalJon per-

tJllellt It+ your professional activities. No Cklinls for

vallidity, accuratC_., and obWcliviI) will be ma,dc for

Ih¢ eX;llllplcx given ill the slllllllliIr.X, '. _Olll¢ points

arc dcri,,ed froth ,,]OCllyll¢lll;llioI1 a_ail:dq¢ to tile

,luther. {)liters ale I,u'gel.v sulficctivv deductions or

,irbJlr/.lr) C;llCtllilllOllX Ill/,IdC by lh¢ ,ltllhor twho iS

Ilt'd ,.111¢CO|lOtlliSt ll_._r espcct.lllx knou. lcdgc;.ible Ill

that lJ¢Idlfroul Jnfornlation ,,uppIiedby colleague.,.

I'hus. lilaliyof lhe provisos, qu:tIifiedu'oiIClti_iOil_

,it|t!lllKIIlk'e.',,aI_l'IIedI'OlIliIIcl.'.J'_,d _.+IIlJioil:,,et.t,ilp-

mist to a Cosl-benefils analysis ;ire likely to be niJs-

sing or inadequately represented in the ;.ISSlIIIlpIJoIlS

made. Nevertheless, the author I'c¢ls thai the num-

bers generated and COlldtlsJons made front them

;Ire good "'order of iil;iglliltlde." "'back-of--the-enve-

lope'" xalues, which establish Ih¢ economic baseline

to at first approxiulatJon.

Aerial l'hotography Versus Satellite Scanner Costs.

Let ItS begin by perfornmlg a deceptively simple set

of talc|clarions to estimate tile costs of producing

't single len-catcgory Level I (and perhaps several

¢:_tegories of Level II) lalld use map of a J)dl

L;,,ndsat scene by (l) satellile remote sensing, and

t2) conventioual aerial photointerpretation

,,iclht_d.-,. "l",i_: k,/) calctilatioll Js the _lltit cost |',¢r

39 !
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Illlill,[t' incurred with each t|ill;l,i,:quisition ,,,;y,,;lt, ll'l.

Many probl,.,n)s cnsvt, m .irrivin._ .it rc:lsonablc
t,.slinlatcs.For l+t'Jthspace and air f_lalt\)nns, costs

dcl',cnd on m.lnlert)us l'ilClOl'_,lhilldt'l_'i|llt'inplsIo

cstilblish cqtfivah:tlcy. For cxampl¢, how docs onc

apporlion costs t\_r cquipnlClH -- such its a rccciving
illilt'nli_.lor multipurl_oSC ,lircraft - not used t'xclu-

sivcly in obtaining lilt" dt'sin.'d prodllci? Arc quolcd

costs inclusivc of lllillll_Owt'rillldow.'rilcad'._ ('all ;l

single Landsai image bc considered cquivalcnl lo a

photomosai¢ made from 4000 atrial photos taken

al diffcrcnl d,llcs, wilh much highcr rcsolulion, bul

without mullisl)cctral ¢omponcnls'. _ The lisl of in-

equalities is long, ¢Olnl+otlndill,R :lily cfforl to ilot'-

iliilli/.t' to a COIIIlllOII I_ilSC.

lost P:lrliiioninl. Another I'uildlilllcnial problcnl

wilh Liindsli[ illl;ige,_ is lh:il of iissigiliilg lolal t'oslS

o1' lilt' s%'slt'lll ('¢OSIs 10 providc') _.'t'l'SilS lit'trill] ¢osls

lo lilt' tlSt'r.'4 ('cOS[,_. It+ I_tirch',lSt"). St+ I'ar, Liindsal

has bccn csscnlially ii subsidized I'cdcral i+rograni,

l'hc t't)slsof tile data l)rt)dtli'Li/Hlri'/hl,S'i'd_-ill tilL"

FROS Data Center do not rclqcct :ill real cosis but

art' a¢lualiy hcavily discounlcd by lilt' U.S. tlovt'rn-

lilt'Ill, p,lrlly It+ t, llt'olir;igt" lilt" liSt'l" ¢OllllnlilliI.V Io

"'Iry out" lilt" prodllcls bclore adOlHiil_ aild inlcg-

i':iling Latldsal tt'¢hnolog)" into thcir aciivilics. SOlllt'

crilics have advocaicd :i illOl'C realislic approach

llial inchidcs lilt' in;lior cosIs of d:il:l acquisilion in

i111.% Lllll[ pri¢c. I'hus, lilt' CrISIs O1' St'llSOr dcvclop-

lilt'Ill _illd f;ibricalioil, lilt' Sl_a¢ccral'l, lallnch, Ol_t'r-

alioilal ¢onlrol, dala rclrit'val trccci_ing Malions),

and all prot'l'ssilll', tbolh ;il tlodthn'd aild I{I)(')

shollld bL' rt'l_rt'st'lllt'LI in Ihe lolill opcriiliOllal costs.

I'hc arglilllClll I'avorin I Ihis view is lhai siich cosls

Woilid ;il_pc:ir in lhe pricing Sil-ilcllirt" if a Liilltls;il-

cqllivalt'il[ progr:illl wcrc l]nallCed iilld oi_ctalcd

cnlircly by privale cnlcrt_risc. {'erlaiiliy, ¢osls iln-

plicil in dclivcring ,l Landsal-silt'd arc:l iqloloillosaic

Illadt" lhrollgh coilvcllliona[ int'ails by ;i coilllllt'rt'ia]

survc)'ing I]rln wollld hi¢ludc prorated ¢osls of lilt"

:liqqanc, lhc c':lillci';is, lilt oper:lling cxpcn,,_.-s ill

Ilighl, I]lili proccssin l, _'clil]cillion, ;lnd olhcr

i_l'Ot'l:dllrill t'osls I'eqllirt'd Io iiio_lic, ill_inpowor

ilild ovcrllt, ad ¢osl,% and ii prol]l illargill.

The (icn¢i_ll _%lodel. +faking lllcst" pohlis inlo ¢on-

,_ider;ilion, lh_" ;nilhor choo_..s Io dcvclop a siinlqC

inodcl I\+i" COllil_ii_'ing ¢osIs I_clwt'_il Liinds;il ;in,I

¢on_'clllional i_hologl':ll_hy Io product, and iillt'l'l_rt'l

;ill ilil;ig_' of lilt" i!:irlh's Slil'l'_lc_ sized Io L:indsal

diincll,4ioils. For LillldS_,ll, lilt" ¢osI pcr scc'ilt" Io ;I

user will include nlos[ si:llcll _lcquisilion costs with

lilt' cx¢cplion of SOlilt' lll_lnpowt'r ¢os[s. various

progr;ill _. c'osls Ihill ;il't' hard It+ i_rol';llt ", ilild profils.

This cost is just ihc lola[ Sl;llt'll ¢osls /cs[inlalcd)

I\+r lilt" [andsal progr:iiu I'rolll the 1_)72 launch o1

l_:indsal-I lhrough opcralion of LaildSal-3 lip Io

April I. I_)S0 (arbitrary ¢liloff dale) dividcd b$ ihc

Iolill ililllll_c,r ti[" i_stl/lll' I,l_lll iloi nt'c'u'ssal'ily list'd)

sct'ilc, s froln opcralion of all lhrec L:indsals. ['hc

¢osls will illso bt" rcporlcd in _/,_llll:irl" nliic lind

_;acrc I'or ¢lassil]¢:ilioil aild inlcrl_rclalion of ii full

st't, ll¢. l-or t'on%'t'nlion;ll aircnffi, lilt" ¢osl p_'r .,'¢Clle

will bc dcrivcd fronl ¢osl/sltuarc nlilc ¢onvcrlcd

Io ¢osl,;ilcrt" I]gllrt's supplicd to lilt" ;itllllor i_)'

pcl_on:il coinnlunicaliOllS wilh slaff al ihc U.S.

tlcological Siio,'t') in Rt'slOll, Vii., I_;ist'd Oil t'ilrrt'lll

progr;llllS lo i_rOdilCt • 7.5 ol'lhol+holoqllatls [+%"

ilSillg oulsidc ¢onlraclor_ Io fly lhe iqlolonlissions.

Ihcrc arc solnt" ilidtlcll or igllol%'d costs i_lhcrcnl [o

Ihc csliinaics, so ih:il lilt" rt'sulls ;ire Oll lilt" low

sidc, SOlllt" sinllqifying aSSlllllplioilS ,iu,_iil'y ihcsc

onlissions. As VOll will shorlly scc, tWt'll if lilt"

I illldS.'ll c'osl_, ilrt" low I_%' il I'_lf[Or Of IWO illld lilt"

',icrial pholo ¢o,_,ls ill't" high by Iho S:llllt" f;IciOr, lilt"

dil'l\'rcillial slill slongl)' SUl_pOrls Ihc Landsal

;ippro;ich as It)il I as Ollt' collsiders lilt, lwo cild

i_lOdil_lS LalldSal iln:lgC" and acrial IllOsaiC

Io be II,_'d I\_r lilt" cqliivalcnl lask of inakiilg :1 Icn-

¢.'.ilc_ory Lcvcl I ¢l-'issil]¢alion.

I:or Land._il "l, lhc cak'lilMions rHn as I'ollo_ts:

"_Prices as of 8/I/,_0 aie $32 for a _'l of four iI_illll;Isl of l : I .lllll).OOII

I_l.lck-and-whll¢ pllnl$ of i _i_.'lll'i $_l _ Iol .i ciIIor ltllliliOSill- o1

Ill.if so.'nc tit" ilol ptcl'iou_lv produ¢cdl; .old $15 I'ol each addl-

llonal plllll Ill" I_lOdu¢cdll lnll _}llll io_ lhl" t't'l"s ¢ol_.'lilll_ lht"

s¢cnl', I'hl" p:inl costs include ¢OlllpUll'i' t, ll|l_lll¢l.'llll'll{ I_%" I"DII_

of ,ill)' sl'l'll_ J¢lILliil'd .l['It'[ I l'|_lll_ll)" |, 1 '1_1,

.I |'ill" Illllll_ll U_l'll hell" ,li_' nol pl'c_'l_,¢, SOlllll'lt o;" _onli, .iiil" ilol

ofll¢ial .Ind lhc _.illlcs uli'd h.lvi" bei'n l_'_'ll,cll o_'i'l IgT-_-)_i and

lh¢ll roulndcd llll'.
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I+;llld._al (,'ost.'4 (itl millh_n of doll;urs)

I _' 3 All

t I + ._.'I'I,_01" de+,_'lol"+llienl;

s_.'n so I"]s[i.1,,.'L'cr 11"I l".ll+1"i¢;iI iori [ _5 .._"" _,"i 0

I _l ,_p;ICl'Cl',ll'l lll;lil,lgClil_'ill I01.'(')

l.'i) I.allli<h 4 _ 5 1.4

Receix'illg Sl,lliOltS I,l in tl,S, ;11

otwl',lliOll _-o_1_ of _ [i'll ' )-q.,il' _l;ll{Oll

for _ v_';il'_l

24

t.4 ) I);ii;i I_l'O<l,_._iiig ;it t;,'41:t' I:ivl'r;ig_" 'vl'.ir

40

It') I);il;i pl'Ol't'S,_ilil ;il I!l)t' (_ilt'l';igt')'l';ir

of $4_1 )'_';Ir ;idjti._k'd Io ill_'Ollll.' I'roln

liser i_lll'(h;i_qs, I'or t_ )'c';il'S)

24

t _) R,_I) i_lOgl;lill tprillCil,;il illX'_'_li_;ilol_;

INl..\ _ ..\ _.'l.'tl I q I'._)

SU_I $34i,,%1

!_010" t+l+Oi';ilioit;il Ct+SI_ OI +l+ot't'i)_ll i'0Cl, lx-in..o '_l;ilil_ll+ .!llll It'l;ilt'll t'xl+en._l,,i ;irt" ilol

iil<ludi'd ill Ihe abovc.I

.._i <Ollliil,.tcil<', <osl o1 $.44M, i'_,l_t't, SCilli_l g ;ill

t'51illi.llt' oI olh_'r, illl,li'_'Ollllll'l]-IOl t'll$1,_, is ,lll_ilr;I-

ril) ;iddc'_l to Ihc, Iol;il, I_liil:ziillt Ih¢ l'iil;il v',iluo Io

$-lt)OXI.

I'llroii.;h O<lob_'r I0, I'l? _l, Ihc iol;il niiliilWl"

of ,,4l'_,il¢_, ill Ilk" I, illilt'd Si,ilcs illX't'illoi')' Illl;iiill),

I. lnil_,d Sl;ilcs l_'rlilor) ;iild lorqigii sct'ncs I'_'<ordt'd

Oil l,ipe) ,icqilii_'d b) l.aild_il._-I, -,_, ;iild -3 ;ll't"

I-l<l.(, Ill _ 15t),S?tl 4-4 2,(_1,t1 = .143,1,i0. l'his Iol;il

is ;idiuslcd Io .It_O,tltR) Io _';111') Ihlough Ihl" I'il_l

llli;irlCl" o1' 10Sl, I. I'olal taddiliolial) s_'t'ik's ill l\_rl'ign

iilV_'illOl'ii's ,ll't" 12__,1-11) _ 224,.12t) 4-ll.l,,_)l).:

41t),t)_O. ;kljlisicd I_ .l-ltl.O00+ ..\.,,_tiilliill: lh;ll Ilk"

I+tllll_'d ,_,l,ilc_ Ii,is ,_Olll_' xoslcd iillt'i'c:il ill lhq I'ort'igtl

llil,lgt'i'$ II_il_<d Oil ;I "'!',ood n_'ighl_oi'" policy ilillqi+

tit ill Ihc I ,illd._;il _l;ig,ill "'l:or Iho I;ood ol';ill ,%lall-

kiild"), Ilk" Iol;ll will be l,ikcl, '.is .It_O,OtlO _- 440.t101)

:: ,_t/tl,t)tli) _<cl_l'_. ,No_,, tll|_) ,i l'k I_l i, li" |fi<':4t_" :_.'l'lli';l

;il'c' li_,lblc, o%%iilg I;li'gcly Io <loud ctl%_'l" ol_s_'tlr;iliOll.

:ll _'Oil_t'r,';ilivl' _'_lilll,ill" of Ihi._ fl',lClioil i_ I 4 o1"

I't ..0. I'h_" iltiillh'r tll' IoLll tl._jblt" _'c'll_'_ i:,i lllt'r_'l'ort"

',_tltl,Otlt) \ tl+._t) = l l_il,t)t)l).

..{rl':i-liriiciled lYosts. It is iiOW ,i _lrai_,lllfo[ward

ill;lilt'l" hi <,llL'lll;ilc ,I l'll.%l I_t'l" (ii,_;IDl_') SCqli_" ;IS."

S'ltlt).OOt).tltlO r l(_O.Otltl = $,_SIII) per _Ct, llt,. 1 II i._

<l_';Ir lh.il Illis ,l%Cr;igc" co_l will dccr_';ist, ov_'r finis,

,;1_ IIlOl'l." k'l'llc'_ ;ll't' tll_l;liilt'tl, _illce cerl;iiil illi_._ioll

<o_ls I _,l_;Wc_'l,i I'1; I;iiin_'h) ,irt" oik'-l illl_'_lll%

¢\lwn- _'_.

I'o dc'l_'i'illillc lhe co_,l p_'r cl;I._._il'icd SCqll_'. lhl"

,_iililq_'_l al+l+l'O;i<h is to add ill II1_" c'll;ll'_t'._ for ;i Ic'li-

<iill'gOl) lm_el I cla._._il}c,ilioll o1 ;i I'lill :_i.'c'llc" ('("|"

4t'llrtt'lll l"_tlllllll _ ll_l Ihl" _+oli+ ",l'l'lll" I'l_l ] .lllll'i.ll-|) tll,l_l'll on lllll"

_,ill'lllll" _+lll'i.illllt ". I_if I._ %l',li%l I_, _4}11ll. ,t_Olllq ill Illl,_ ;lli'l%'i_,l _

i_'lil[l_ IlOlll I%1 ¢o_t_ ,lllll Itolll |lll;ll_l l_lit_'_lllly, ,.'0,,II,
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data set. t,,dnt- typical prices in the data processing

s¢rvi¢¢s indt,stry. Those costs v;lry l'l+Olll ¢olnp;tlly

tO COllll'qllly, hut COl_SUllalioll with several such
I]rnls indical¢s thai $3500 is a characteristic charge.

('oinbiniilg lilts cosl wilh lile s¢¢i1¢ ;i¢qui+xiilon

costs, we obl;lill :1 valil¢ t,:" _ "+500 + _35()0 = _(_0()0

as :i r¢l_rcscnlalix'o _'oxl p<+,[ inlcrprclcd SC¢lla,.

K¢op in nlind lhal llle tlS¢l" is IlOl iiow ask¢d

It) pay this full cost. If a il8¢r ¢1¢cls to purcha.sc a

¢lassil_¢alioil, thcll $3500 is tin upper lilllit. Allcr-

natively, lh¢ user (aiid his orgallizalion) may d¢¢idc
to conduct the classification in-house. '[his could

be doll¢ by visti:il pholtliillcrprolaliOll, with nlod¢-

l';ih? ;l¢¢!.lr;lcy, or by cO,llpql¢r pl+ocu'sSillg, wilh

Iliilch grc'alcr acctir:lCy. Initial cqtiil_lll¢lll _llld I]icil-

itics a'OSlS for COllll)lllCr proc¢,,+Sillg ¢ilil be tls low :is

$5 lo 10K l\_r ;ill ORSl'TR-typ¢ s)'Sl¢lll (soflwar¢-'+

l¢l'llliPall, or ¢ail be ill excess of S._0()lx, for all

II)l*lS-lypc s)Sl¢lii. Wh¢thcr the tlS¢l" decides io

follows* this rotil¢, aild the cXlClll of iliVCStlil¢iil

tlcvcl of im_c¢._sin,+_'l he ¢oinlnil+_ hitllsclf Io, will

ultimately depend on ih¢ quanlity of data he in-

I¢ilds Io ;illalyz¢ and Oll Ilia" vahi¢ of th¢ ilH'Orlllalioil

I_rodticcd. l+h¢ [alt¢r r¢qtiir¢s sodlc c'vailialiOll o1"

lii¢ kinds of hlfol+lualioll n¢¢dcd, lh¢ d¢lails .sought

(imiiiily _i I'lili¢liOll of spali_il r¢+solulioil), Ilia" si,k's

of al'¢as It) be classilicd, lll¢ iliilllbcr of slich areas.

Ih¢ iluinb¢r of tinlcs each )'car for which up-lo-dal¢

iiIlOrlll_llltlll i_ nc¢dcd, ilia" ,i7¢ilr_1¢.% .spccilicd, the

nulilb¢i ;)lid skill of p¢rsonn¢l involved, and olh¢r

1";17IOl3.

I'h¢ 7o8l per 8¢¢11¢ data II1.'1)' I_¢ r¢casl into

a'osl poe sqtiar¢ mil¢ or p¢r acre, the tillils usually

al_piicd in csliinaling va[tlCS Io the I.I.S lllark¢l.

faking 13.201) S<l, iliilc'._ a._ lh¢ ;ir¢:i hi a Lalids;it

SCt'lla" alld 13,200 X (>40 [a¢rcsisi I. nlil¢) or

S.44S.60t) acres in llw area. flit mill costs b¢com¢

(in c,'nlsk

$2500 S3500 St_000

t'osts;sq, mile _'0.0 ¢ ](_.5 c 40.5 ¢

('osls/acr¢ O.t)3 ¢ 1).t)4 ¢ t).0 7 ¢

Ilowcvcr, Sllppos¢ I11¢ li._¢r lllllSl illslcad

;l¢,ltlire ;1 da!;l bllS¢ by aerial ph,qography _.llld

iqlOlOilllc'rl_rCl;iliOll. I1¢r¢. tWO ¢Oil1111OI1 Opt)OilS

present th¢ni_¢lvcs, ilain¢ly low and high altitude

pilololllis,_iOllS. :\llhougll Ih¢ S;li;lc" lota.I "'r¢;ll

estate" is ilwolvcd, certain costs in l+roccssing.

mosaicking, and interpretation will differ. Low

aliilud¢ photoiilosaics should bc Inorc t'xpt'llSivL"

(nlo[¢ individual Ilight lines; nlor¢ i;hotos io be

r¢ctifi¢d, ere.i, hut the cxir:l costs are partly coln-

p¢liSatctl by belier rcsohltion.

Low Altitud+ _ Photonlomlic Costs. h; 1072. the

aulhor had .1 pholonlos:iic of an aiea iil ¢¢illra!

lIVVOlllillg, approxinlal¢ly 175 kill (I I0 Inik's) on

¢a¢h side, produced by a S¢l'Vic¢ corporalion. 1+11¢

illolii¢ w;is inad¢ I+roin ;i series of cxi.s,ing 15'

IqlOloqu;idranglcs pill logclhcr l+roin the c¢nlral

paris o1" niol¢ than 8000 individual I:il-ge-scal¢ aerial

i,holos lak¢li during a s¢rics of low allilud¢ Ilighls

ill Ih¢ niid-1950"s. rh¢ cosl Io NASA It)r this

produ¢l was only $]000, silic¢ all rcquisil¢ iill_UlS

cxislcd :lnd only iliinil++lal addilional rcctifi¢alion

o1" Ih¢ g¢oniclricaUy corrected i_hotoquads was

nt'¢c'+_sary. Itowevet, lh¢ Ill;lllag¢l" of lh¢ I'h'lll's

pholo lab ¢slinlalcd lhal lhc COSl in I_132 dollars

It) K'prodtl¢¢ Ih¢ ilion)it froth "scraldl" woukl be

5250K ttm+bably closer to $350K ilt I_)SO dollarsl.

! ,;is is for a o11¢-Iili17 producl consisting of bLlck

;iiid while t_anchrolllali¢ photos with aboul I._ ill

rcsohllion when _'dllccd to a 1:400.000 scal¢,

Conlparison wilh a 1972 Lanttlil illlag¢ of :lhllosl

lhc S;llll_., area of _ili')onling _11 Ihal +xcal¢ sllo_,.s lilt

salcllil¢ producl Io be superior iit tonal qtlality,

g¢onl¢lrica[ l/dclily, and linage uilil\)rlnily. The

iilultiband ;llld color IR il*lagcs available front

Landsal al+ all added adv.'lltlage. Ollly ill lcrins of

rcsohilion Cotlld file aerial pholonlosaic b+ judged
Ittiltibly belier.

rhc adjuslcd price of $350,000 scented too

high at l'lrSl tlallC¢, alld so Ih¢ atllhor rcttilcslcd an

indcpciid¢ili cost cstilltaic fronl anolhcr a¢rial

survey I]rin. Milch of lh¢ ¢osl conics frolu Ih¢

I+holol+rO¢¢ssin.t • and _'¢iil'ication thai goes inlo

produchig the orthol+holotlUads. rypical costs

loday for low altitude aerial photos td¢tivcrcd to

lhc cuMonicrl arc +S(_ Io 7 for black-and-while

illlagt.,s aild _7 It} 8 l\lr color. Dcpcndin I till lh¢

st;lie, ,solii_" 401)0 Io _000 ilidividilal I_liolos will

be in¢orpor;ilcd in ;i +'1 ,t)lJ0 kill-" 113,_t)O st I Inil¢)

L,md_il-cquivalcnl ino_ii¢. The l_roduclion ¢osl.s

o1" lhis mosaic quolcd by the I]rill, would be Ifor

$01)0 bl:l¢k-and-whii¢ photos): $50,000 for the

tqloloinis.si,._n + ,_200,000 I+or rv¢lil]¢alion +
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$40.000 for assembling tile mosaic = $290,000, or

appmxinlately $2").40;'sq. mile.

A. F. II. Goetz estimates s tile cost of process-

ing a 10 I° bits per second Landsat-type satellite

d:Ita set throu-h., lit.: usual compl)Icr manipukltion

,ind enhatlccnlent steps to be 100 times greater

than the $3500 quoted for Laudsat-I) processing.

This total of $350,000 provides a scene of L:lndsat

dimensions having :, rosolt, tion of 3 meters. Thus,

for scenes of 0tluivalent coverage aro:l, scale, mid

rcsoltttion, tile costs of satellite and convenlional

low altitude scenex are compar:,blc at tile pr0sent

time.

tligh Altitude Mosaics. More :rod nloro orthophoto-

quads are being produced by high altitude photo-

missions. The U.S. Geological Survey currently

produces 7.5' quad sheets with a single photo p0r

sheet tconstituting 150 kin: [57 sq. miles[ on

averagol..\ mission is tlown :it S5.50/sq. mile

[based on ]t)7t) costs), in which a I_lack-and-

white photo :it 1:40,000 ;ind ,I color IR photo :it

1:(_0,1)()0 :ire acqliircd for each qu;Id, but with

additional pllolos obtained for stereo covcragofl

I'his alllOtlnlS to all ,icquisition cost el': 57 st1.

tlliles llltlltiplicd bv SS.50/sq. Inile. or $315 p0r

qil;.id, l'his illtl.,:l be illlllliplicd by 13.200/57 or

231 qlladS, that is 5315 X 23 I = $72.o00 for

etlotig[I hi;teL-and-white or color IR images to

nlakc, in princilfle, a kandsat-sized photoumsaic. If
tile cost differential b_ lweell 7olor and black-and-

while l'iln: is neglected, then the cost of each

tuosaic call be c;ilculillcd :iS . .'_.tOO _ S.,t,,000

tnlaildy for lilt" illput pholosl. IIt)wever, hi inakillg

,1 iiiosaic, lilt." edges or Otller paris of aerial I_hotos

,ire usually iriiuinod off Io Ininiilli/.o distortion in

unrectified inlagos. Up Io twice as illany Ilia)' be

required; Ihcsc ciiil bc lakeil frol!l tilt" slcroo pairs.

Costs of rectifyhlg and joining 2 × 231 = 402

photo parts illtO a ino_ic :idd ;.ibOLIt allOliler

S3t).Ot)t) to each mosaic ronditiim. l'hus, either a

blac!_-alld-white or color IR iqloloinosaic el

3(.)n p. (',S4 of Remote Scnlln_ in (;eoh)):y t.';iegal and t;ill,:spie,

editotsl, i Wiley and Sons. It)SO.

blXpical costs of $5 to $7 _q. trifle ate iricullv,, t in lcquirlilg the

1:40.tlOtl black-.ind-whitc photos tot the ..%SCS t,,e¢ I:igure O.'.ll.

Lal;d.,_lt dimensions Costs on tile order of $3b,000

+ .$30.000 = Sot).300.

Photointerpretation Costs. Costs of illallilal photo-

interpretation depend on the details (Levels) of

classificalion _)ughl. Figures oiled by tile U.S.

(,cological Su_'cy are St.50/sq. nlile I\)r Level !1.

Level I classificaition is not done in their Land

Cover series but should cost less. A value of $1.00/

sq. mile is assumed for this Level. A ten-class Level 1

nlap equivalent to a La,ldsat scene, made by stan-

tlard photoillterprclatioll procedures, woiild then

be 13.200 X S 1.00 = S 13.200. This can b0 add0d

to the SOO.300 to give $7t).500 as a "ball park"

estimate for classifying a L,Ind_it-sizcd scene by

convcn(ion:d inetllc, ds t the costs nlight be notably

hlgllcr if a low altitude pllOlOnlO._liC were used

inste.:d). Conversion of lids value to costfi, q. mile

yields S(_.23. and to cost/acre gives $0.0103. or

1.037.

Some Trade,-offs. On tile face of it, Ilion, a COlli-

!_arison of costs for a kandsat versus conventional

cla,_sification map is $0000 vcrsu_ $70.500 (high

altitude), or $7t).500/o000 = 13.3 times more

expensive by aircraft. This conlparcs all costs of

the Landsat method with contract and in-house

costs for convenlioilal nlethods, llsing :is file fralilt"

of reference a single equivaleul task of classifying

:it a level of det:iil within lilt" capability of both

inclhods. Ilowevcr, this is certainly not tile whole

story-there are trade-ell] ;nld questions of data

quality ;l/ill stll'ficioncy !h:lI l-lVOr each molhod for

spcmific. Slid tistially difl'ercnt, tist-'s,

l:or cxamplt". Landsat has tht` :idvailtage of

r0petitivc coverage at a frequency so hi,,.h that the

costs of making seasonal observations by aircraft

would be prohibitive. Landsat also provides near-

instantaneous coverage for any one scene, while

aircraft coverage of suCll a large :irea would extend

over days or weeks. Landsat is. furthermore, a

mt, ltispectral system, whereas most aerial photos

arc panchromatic ibm can b0 multispcctral at cxlra

costs). Again. a Landsat imago does not suffer from

some of the usual momic problems tP. 77). and

individual Lantlsat frames themselves nlay be

eflL'ctivcly mosaicked. Also. the ready av:lilability

of Landsat dat:l in computer comp,itible tllot!e

oft'ors nluch nloro flexibility in data analysis :llld

inlcrprelalioll.
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()n tile otherhand,aerialiqtolographyhas
severalkey:ldV:lntages, -['he Ill;.till one is the Illl.lch

beth:r rcsolulion [le_,; than I to 5-10 nil of aerial

photos. There ;ire hi;my :q_plicalions or tasks that

can only I'n." done with high resolution inlagery-

tree Sl,e¢ies klentifieation; urban mapping at the

sift'el OF house level: stratigraphic mapping in

_CO[OgV, tO Ilallle a l'e_,v. Landsat callllOt currently

COItlpCt¢ for IllOS[ such applications, and some will

still not be possible even with Iktture high resolu-

lion sp:lce systems such as the French SI+'OT. For

ttl_lllVuses, L:md.._t can only be a SUl+plcmental

tool, rather thall a substitute system, for aerial
sur_'cillance ::s tIt,.' prime instrutnent of inl\+rnlation

galheriltg. Aerial photography will always be a

necess:lry data .,a)lirce...\¢rial pht)tomissions nlay

also be schcdtdo.I to Ily tit" the wea!hcr is :.;'piol+ri -

ate) to the right place at a p:trti,:ular time. Still

an,,+ther refer:tilt factor is tlt,,' COIIIIIIOll fact lltat

Ill;HI), perhaps a majority of the CtlStOItlary appli-

cations fall within areas much smaller than 21,000

kin: t13.200 ml- mil¢sL Aerial photography, in

that sense, is selective and notlwasteful. A task is

or'tell accomplished by surveying, say, S00 kin:

t500 sq. milcsL with all surrounding area being

SUl+Crlluotls. This greatly reduces data acquisition

:rod interpret:ilion costs. Many organization:d bud-

['.¢tS C;.ltlilO| tolerate lilt sl+rcad ot llKllll'q,'_X_,¢r alld

,,',tiler resources over too wide gill ;.treat all ;,Ill}" CHIC

time.

It should be obvious now that Landsat is the

superior apl+roach under qu!te specific conditions.

such as when:

I. largt: area or regional persD.'ctivcs are re-

quired in a project:

2. the project needs input from many small.

t, st,ally separated areas:

3. frequent repetitive coverage is necessary, or.

at least, advantageous re.it., crop growth):

4. monitoring environmental changes on a

regional or even global scale {e.g.. tropical

deforestation; desertification) is inlportant:

5. nlultispectral data improve the classification

even lilt}re lh:in increa_'d rea'_lution:

O. tile ;lalurt' and sizes el" tile l'eatures to be

classified or mapped are within kandsat

remhttio,i capability;

7. accuracies lbr Level I classification at "/5 to

t+5 percent {and 00 percent or less for level

!1} are acceptable, these categor.v-dependent

accuracies may not be good enough for

itlally tlceds.

"111¢ ultimate decision as to which system is

bes! stilled to your needs, of course, is yours. Your

¢hoice depends on your asscssntent of whether

I-aadsal is sufficient to do 3 otlr job. It" it ix. it _,_,il|

most prob;ll'qy be Cosl-effective ;Is at replacemetll

for ntost conventiollal methods.

Examples of Cost Savings

lie fore wc leave this fascinating bt,t ol_viously

controversial topic of cost-benefits, we shotlld eval-

tl;llC SOI|IC well-dOctlnlellled reports of read S;.IVilIgS.

12w cosls I\+r l::ndsat ,:latssification derived

t'arlicr are f:lirly ct+llsisleni, al_hotigh soltlewhal

lower, with nlost such costs ciletl in the litcratt+r¢

bx kdildsat investigator.,, ;lltd risers, l'hcsc ¢itatitms

r:,nge From lO to 5()¢'st I. ntil¢. Several t._pieal

cxaltnplcs :Ire quoted ill the I'r<_ct't'diHg_ ,_]" the

St'Colhl ('_n.fcrt'ttct" lilt t/If I"¢Oltomius OJ"_t'lltll[t"

.Vt'ltxilt'..,'. l'h tee svch entries are:

sq. mile. or 0.04¢ per acre (p. "_t+ of Pro-

ceetlutgs_;

2. land rise surveys b.v air and grolllld Of

t_7S,000 acres in tile Saeranlento-San Joaqt,in

I)ellal of central ('alih>rnkl = o.0d"acre

Ip. 77):

3 airborne surveys (images only: no intcq)reta-

tion) (p.90}; costs per square mile:

Resolution I m 3-5 m SO nt

(cxtrapolatedl

1. land cover classification of 1.3S5.5t_0 acres

,il'Oillld 1 _| _t;.il'td, _.Jt¢_., v,, LdllklSdt

SI.51 S0.57 _':;0.12



A very detailed cost analysis for making a
land cover inventory of a small area ( 1780 or 3702

sq. miles1 in southwestern Illinois compares ground
surveys, aerialphotointcrprelation,and Landsa[

methods. The resultsarestunn:arizcdinTableS-1.7

This cost per square riffle for Landsat is much

higher than values already given bec:.luse of the
snlallcr area involved and the dependence on
manual Ivisual) rather than computer classification

tcch,fiqucs. The main savinL-._ conic from reduced

tnallpowcr costs. No _|sscsslnent of relative acctl-

ratios is given,
Now. COllsJdcr three specific case SltldJcs of

actual cost savings with Landsat. O,w such case in-

volved [he author person:lily, anti rcprescnts prob-

ably the first documented operational use el" Land-
sat by state agencies. Just two tttonths after latmch
of Landmlt-I. the author and colleagues (rein the

University of Wyoming presented a review of Land-

,_tt capabilities to some 20 staff members from

several state agencies at Cheyenne. Wyo. As a

follow-up, one agency decided to experiment with

kandsat imagery to learn how it might supplement

a two-year project ittvolving aerial photos and
ground surveys to produce a series of land cover
maps for the so.Jthern Powder River Basin. This

basin has become one of the principal enemy (oil
and gas: coal; ,.iranium) centers in the United States

and was slated in 1972 for accelerated develop-

ment. An up-to-date land cover map was requested

by the state legislature prior to passing controlling
attd enabling le_slation lbr systematic develop-

ment. A budget of $50C.000 was allotted to the

tnal+ making. Tileagency "gambled" on tile poten-
tial of Landsat by earmarking $50.000 to the

University of W_,oming for specified products.
The University delivered a set of Landsat-based
maps in a Iblio less than three months later. After

evaluation by the agency, it was decided that the
Landsat maps met the main requirements for the

project, and the remainder of the map project was

cancelled, thus saving $450.000 and ahnost two
years.

"Fable S-1

Mal:s. Photos or CC'F

Auto Travel I-xpensc

Inventory

.Mc:lsure alltl Tal_ul;llc

(;round Checking

Map Preparation

Misccll:mcous Supplies

FOTA k

Per Sqt,are Mile

(qrountl

Stll'_'c 3

8 Years

40 Calcgorics
3 Counties

17S(_ Sq. Miles

SI30.o0

570.00

55,000.00

30.000.00

20.000.00

500.00

S 10<_.201.S0

$50.40

Aerial Photo

Interpretation

18 Months

5 Categories
3 Counties

17_ Sq. Miles

S4, I 0 i .38

Minimal

17.056.00

8.528.00

5 .')o0.00

135.uO

$30,040.38

S20.18

LalldS;.l[

O Months

I o Categories
7 Cot, nties

3702 Sq. Miles

$400.00

700.00

3.792.00

3.7O0.00

750.00

5.b15.00

1.000.00

515.957.00

$4.20

7 I'rom I Iccislat,)r's (h,idc t,, l and_at, prepared by the National

t'tml'eren.'c of State Lcgtslatu.n."; LNCSI ) Roe:ore _'nsing Projec .
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The second example refers to an application

already addressed several times in this workbook.
The defoliation brought about by the gypsy moth

in Pennsylvania alone affected more than 1,000,000
acres in that state in 1973 (and 1,500,000 acres

throughout tile northeast United States in 1977).
Financial losses range from 24.60 per acre in pulp-

wood timber to $75.00 per acre in sawtimber stands

in a _ven year. Pennsylvania officials estimated a
loss, due to- this moth, of $26,000,000 in timber

production in 1973. Comprehensive monitoring
would reduce these losses by guiding spraying

(which costs tile state an average 2650,000 annual-

ly) to critica_ spreading areas and by determining
those areas of extensive tree mortality wh,'re

replanting could be undertaken. At this time,

inflation-increasing costs (currently, limited to
250,000 a year) of aerial surveillance have restricted

direct monitoring to selected areas rather than the
whole state. Landsat-derived distribution of de-

foliated areas (easily found by visual interpretation
of images) offers a very low cost method to esti-

mate damage over the entire state.

A third example extends the scope of savings
to tile international level and also shows the mag-

nitude of benefits that may be achieved. Bolivia

has inaugu_ted an extensive program for Landsat
applications under the direction of Dr. Carlos

Brockman. By 1977, this program had produced a

National Land Cover Map, a National Geologic
Map. several regional soils and land use maps, a

series of special purpose maps to aid in the national
census, and an interpretation map leading to relo-

cation of a railroad line (cutting off several years of
._utveying time and costs). Landsat-related costs

accumulated in those projects were $689,000.
Benefits are estimated to be in the millions of

dollars. Two additional tasks led to specific savings

estimates. As a result of using Landsat imagery at a

cost of 22000, a gas pipeline was rerouted to

shorten its length by 17 kin, resulting in a savings of

S! 2.000.000. A far greater potential payoff relates
to the discovery of huge, rich deposits of lithium

salts in several of the large saltpans in the dry, high

desert of the Bolivian 'Altiplano. This discovery is
directly attributed to compute.r-processed Landsat

imagery (at a cost of 210,00b j, which reveals the
presence and distribution of the salts, later con-

firmed by field exploration. As a consequence, a
mining company has already invested S ! 36,000,000
in leasing and development of the deposits.

This example attracts attention to the several

ways in which Landsat observations can lead to

some measure of benefits. One category of benefits
is that of direct cost savings, i.e., performing a task

or activity, now being done by other methods, in a
taster and/or better way that is as efficient and

effective. A second category is that of doing cer-

tain tasks that are not conducted at present because
they are uneconomic or unfeasible: this is usually

associated with a re_onal survey in which it was

previously impractical to cover large areas in the
allotted time. A third depends on the ability to

monitor dynamic events or seasonal changes that
necessitate frequent observations. A fourth way is
more speculative, namely, discovery of a natural

resource of large potential value [tbr instance, the

Bolivian salt deposits), which might not have been

lbund through current technolo_cal procedures or
may have waited lbr many years belbre its sur-

roundha_ were explored and it was located. The
author, in an unpublished study of the benefits of

Landsat-D to the mineral industry, noted that a
Landsat-aided discovery of just one new giant oil
or gas field-typic41y with market value of S2 to $5

billion-would, in a sense, pay lbr the entire E_wth-
observing satellite program to date.

Benefits of Advanced Systems

Our consideration of benefits will close by

looking ahead to anticipated benefits from the

many improvements planned for the Landsat-D

system. Intensive studies were made by personnel
at NASA lteadquarters, Goddard Space Flight

Center. Johnson Space Center, and other instal-
lations, working v, ith a consulting firm. Econ, Inc.

of Princeton, ,V.J.. and with General Electric's

Valley Forge Space Center. n The overall estimate

8 S_mJ_i.aiz_d i_ ,.I G_st.Benel,t Erah_ation of the Landsat _bllo_

on Operational Sygtem. X-903-77-49. C,oddard Space Flight

Center. March, 1977.

398



(as a rav.ge) of annt,al benefits is presented in
Table S-2 without comment, except to note that
the cost-benefit evaluation did engender consider-

able debate and criticism, particularly from those

who considered the values too high,

Table S-2

Annual Benefits of Landsat-D

(millions of FY 76 dollars)

Agricultural crop information

Petroleum-mineral exploration

Hydrological land use

Water resources management

Forestry

Land use planning and monitoring

Soil management

SUM:

Benefits

$294- 581

64- 260

22

13 - 41

7

15- 48

5-9

$420- 968

TOTAL INFORMATION SYSTEMS

We turn now to the second topic to be

treated in this closing section. This deals with the
role of Landsat in a so-called Total Information

Systems. A fundamental question must be posed:
How are Landsat and other remotely sensed data

best used to bring forth benefts (financial and
otherwise) from the increasingly important role of

satellites in observing, monitoring, and inventory-

ing established natural and man-made resources,

and in exploring for or developing new resources?
In the preceding activities, we have seen two

definite answers to this question. First. for many

specific applications Landsat and other satellites
are capable of being stal:d-alone systems. That is,
some desired and acceptable information may be

generated exclusively from satellite data. A Level 1
land cover classification, a map of rock alteration
indicative of minerMization, an inventory of lakes,

and a plot of defoliated trees are characteristic ex-

amples. Second, we also saw bow the value of

Landsat is often significantly expanded when its

data and information products are integrated with

other types and sources of data, usually as inputs
to a Geographical Information System. In this
approach, satellite data may be necessary but not

self-sufficient as instruments of problem-solving

for, or management of, the Earth's resources. In
this view, Landsat is a component--commonly, but

not universally, a necessary one-in a larger system
of components dedicated to gathering, processing,

archiving, interpreting, and applying information.

C'ae concrete example sh3uld help to clarify
t19 _econd point. In exploring for mineral and pe-

troleum deposits, extensive use is made of various
geophysical field surveys to develop information
about subsurface ro_k materials and the three-

dimensional structure of rock units. On first

thought, integration of such data with Landsat
data-which describe surface materials and struc-

ture (the latter actually concerns three-dimensional
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Figure $-1. Flow chart describing Mineral Exploration Model that utilizes remote sensing data.

topograplfical variation)-may not seem particular-

ly meaningful. Yet, the surface conditions provide
clues about shallow to deep subsurface conditions

and conversely, subst,rface states affect and control

to varying extent development of surface states.

Both geoph31sical and Landsat data are readily
adapted to digitai formats. Using some system like

a GIS for integrating and comparing different types
of data elements, any reasonabiu number of diverse

types can be registered and correlated. The detec-
tion of interrelationships and the analysis of the

implications of these are best executed by integra-
tion into a model which shows how each element

influences the other(s) and bow the analysis should

proceed in a logical sequence. One such model for
nonrenewable resources exploration which draws

heavily u,on remote sensing inputs is shown in

Figure S-I.
Usually, the analyst starts by determirling the

associative or causative interrelation between two

distinct (and sometimes disparate) elements. Con-

sider, lbr example, gravity data that indicate the
distribution of mass in the Earth's crust. The

topographical data lbr surfa,:e shape cap be cross-
correlated to some extent because gravity hi#_s

often are associated with topographical highs, and

lows with lows. Departure from a gravity-surface

shape model points up significant anomalies. The
anomalies themselves can become new data ele-
ments stored in the multi-element GIS data base.
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Gravity data, commonly plotted as contours-
typically, in units of milligals-can be readily con-

verted into images that are made to resemble
surfaces. Gravity data for the entire state of

Pennsylvania nave been presented as an image that

looks very much like a 3-D topographical map
(Figure S-2). This product, prepared from a com-

puter program by Geospectra, Inc.. is created by
assigning differe,_t gray shades to different parts of

the contoured gravity equipotential surface. The

image can be made to appear like an airbrush-
shaded relief map through projecting slanted

illt, mination from an assumed light source (such as
the Sun) 1o _ted at different elevations and azi-

muths. This analog operation is, of course, simu-
lated digitally on the computer. In Figure S-2, the

"Sun" was placed to the southeast (top image) and
the northeast (bottom) at an elevation of 30 ° .
Even though the data are contained in l-kilometer

cells (coarse resolution), one can easily discern the

major patterns of highs and lows and even some

hints of discontinuities (lineament-related':). An
obvious next step would be to compare in some

way this gravity image with either a tGpographic."l

image made with the same technique or directly

with Landsat imagery (as, for example, a mosaic
of the entire state).

Soch is now being done. You have already

been exposed to the merge of Landsat images with
topog-aplfical data to produce a stereo-pair (p. 292;
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bLACK AND WHffE PHO_

Figure S-2. Computer-generated image showing variations in dire_ionai _radient of gravity for the State of Penn-
sylvania (sec :ext). Courtesy Geospectra, Inc., ,Ann Arbor. Mich.
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Figure S-3. The role of remote sensing in meeting information needs of the user community.

which tile data can contribute to decision-making

for a particular al_plication by using al)propria/e
relational models.

SotllC renlotcly sensed data :Ire not needed

immediately for a particular use bt,t can h:we

intrinsic value for future purpo_cs. These data
should b,.' stored irt such a way that they can be

easily retrieved later. Other data arc precisely those

sought by tile users, usually in near real-time, and

should be delivered quickly for current applications.
If the delivered products meet requested needs, the
loop has closed and the process is re-initiated. If
not, modifications may be introduced anywhere

in the loop to hnprove the information quality
until the user community is satisfied.

A Worldwide Information System: LACIE

We shall look next at another variant of at)

int'crmation system that leans heavily on satellite
data in its ft,.nctions. Tile LACIE (Large Area

Crop lnventor.v I:.xperiment) program was

described briefly on page 219. Tiffs program has

been the largest U.S. government-sponsored
endea,,ur to use satellites in a global monitoring

system for one practical application: in this instance
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predictingthe productionol'asirt,_'lecrop-wheat-
at a worklwidc level.9 Coals includefasterassess-

ments of yield Ouuuber of bushels per acre) on a

pro- rather than post-harvest schedule, and estimates

of annual productivity at least as good as. but
isrefcrably better than, current conventional meth-

,_,ls of inventory (refer aiso to the 00/90 criterion
given on p. 222).

In an agricultt,ral applications-oriented system,

tile data used to predict proth_ctivity must come

from several sources. This is illustrated in Figure
S-4. Productivity is measured in terms of _,,ield per

acre x acreage. Obviously, even a satellite that

produces images of all pertinent land surfaces
Ihroughotzt the globe is subject to ;imitations. the

main one being the sheer magnitutle of the data

OA good review of the LA('II" program is found ha The Pro(x'edbt,¢x

of Ft'ch,tical St'_ions. the I...I('IE S)'ml_)sTum, 1978, vnls l&2.

Johnson SpaCX: C*.utcr Ptibticatlt,n 160i5. J_i3, 1979. i i'3 t,p.;

See :Jlst) McDonald and Itall. op. cir.. p. 219.

required. Millions __,I"Ihrms may bc involved in

growing just one crop; the number is COlnpounded

for all crops of interest. The strategy is. then. to
take rcp_sentative samples at several levels. This

is analogous to the training site samplittg philoso-
phy expounded in Activitic.a 5 and tL A _ltellitc

must be able to find these training sites, verily that

the crop within each is tile type being inventoried.
and make some quantitative judgment about

yiekl. Yield data are dependent on adequate
ground truth, acquired in the field and througl_

report ing services.

Some spectral properties, such as reflectance

(intensity). must correlate with meteorological or

ground-based meast, rements of yiekl in the training
sites at diftk'rent times during a crop calendar

cycle. Moreover. the trends in yield over the season

can be predicted (and then verified) by t,sing.

among other data. meteorological inpt, t acquired
daily frc, m boll, :,a;.cllites and ground stations.

Once a yield function is determined Ik_rthe training
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samples, an cslimalc of iotal acreage giver| lo Ihal

Crop IIIL|s| ['P,k"II|;klk' I'j%' ,',;OIIIk" C\|r;Ipol;l|ioll I'.roc¢-

,,hm.'. I'his is done Ihrough hlcorl',:mHb,_n Of data

from scl¢clcd saml'qing dislricls wilhin lh¢ crop-

producm:,., regions. I)l;ring ils crilical sl:lgc:,; of

growlh, lilt' pt'l'lill¢lll Cl'l_p is rcp¢;lh:dl.v iiIollifol'¢d

by ;In I:;H'lh resources s;llellil,." while clilmllic

conditions ;iffeclillg the gl+t+%%+illg cycle ;ire sitnul-

lalwously :lsscssed by wealhcr s;llellitcs. Yields for

Ihcsc ._mwl¢ ;wre:l,.:'es within ,,listricls are then

¢,,.tr;ipt'd;itcd Io ;i tolal for ;ill relevant ¢oulltrics by

aSsulnhl,.t Ih;ll the mm_ber, sites. :llld char:lcteristics

of Ill,." districts are r¢;.1..4o11;11'_1¢ representations of

lht" rl,..lll;lillt]l..r of lh¢ ;igl'iCllllll_ll rcgil,llls ¢Olllril'_ll-

litlg Io prodllclh'ql of Ih¢ p:lrlici, ll;Ir crop. :_d.illsl-

IIIC|II,% should be lll;IdO |o oslilll;il.,2s Io _.lCk'l.'llllll I\_r

v;u'i:llions ilx produ¢livily owhl_ ICi Cl'_g_ ¢ondilions

(ditlll;,l_'.i, _, CIC,'I, I'CI I',¢ ¢!'l'¢ctiv¢ ;is ;l prc_dl.lclb.'_n

¢s|i111;.11¢. [:ll',l?A" vohllllCS ol d;ll;.I IIII1,%1 I'lC ;lCqllil'¢tl

and inlerch:uL,.-ted rapidly {d;lys or weeks ;ll illt}fi|]

from widely scp;ir;lled p;irls of lh¢ world. I'his

hllolvcs COOl'_¢r;llit'n ilol onk" bclw,ccll .._llllCriC;lll

;l_cll.,.'ic_, :.;Ih.'h ;.IS Ih¢ I)k'l_;.Irllll_.'lll tll" .,'_grictlllllrC,

N()A.._, and NA,_:%, I_,ul al.so amon.e, go%Cl'lllllk'll|

,llld I'.riv,llo sotll'cCs, o1 cr4,_l_, ,,1:11;.I itl Ibis Collllll'V

;llld I'rolll iii;111.%' iI;llil.'lllfi. /tl COlllllllllliC;l|iOllfi Ilk'l-

work. buill ',lt'olmd salcllilcs, is, ;I xilal link iri Ihis

co ii I i ,l't.,h c iIsi% c .,,'lpt" r;i I ioiI.

I'hc I.A('II.I i'_l'ogr:lll: is now o Tci:l l.v coin-

pb.'|ud. _l,|jor I'C,%I,.'_.II'CII clloIIs 111 .i_l'icIlllllldl ;Iptlli-

C;lliOIIS O1" s;ll¢{lill.' ,,lala ,ire iloxv b¢in'.t' COlllilllli:d
.i, • . s •

within Ihc .\glxlS I.\I\S t.\,.'ricultur;ll ,Iml Rcsour-

cos InxeiHOl'y Stil'X¢.vs lhrotlgh :\¢rosl',:lcc I_,¢lllt'lh."

Sctlsitl,._ I'll'l.ll'.r;llll. I'his progr;uu is dcsi,..tncd to

d¢|CllllillO Iho i.iscf!.ll,lcss Ol rCtllOl¢ sCtlSill_". |O

improve Iht' ol'tj¢clixil?,. ,¢li;ll,ilily. ;illd lilllclincss

of sm.'h d;ll;I for I'lllllr¢ I!,.%. I)¢p;trllllelll c,f ..\._ri-

c'llllll'l." _t_Sl'l:\'P llllllli_'rol'_ ill|'orlll;lliol! s.')Sl¢lllS.

In :ld,lili,ul to the tzSI)..ll .is tilL' I¢:ld :lgcncy.

t_:-,.'lhcr "Aith NASA ;itld N()..li?i. other cooper:l-

,3.,,,. l)¢p;irl-iilig i'l.'d,.'r;ll ;.lgcm.;cs lltp,_, iHcli, il.l,: ih¢ ' "

menl of Ihe Inlerior (Ihrou,.-.'h ils I.ZROS i_rt_gr:llu}

;rod the Agency for lnterlultiomll I)e,,'elopnleni

t,.%ll}l. I'lw :nmounced objeclive of A,,'RISI"AI,tS is

to cv;ihl;ll¢ I%'llltll¢ S¢llSill_ d;it;l, hllcBr;it¢d with

olhcr d;ll;i Sollr¢¢s. ;IS ;Ipplied Io:

• Filrly wilrnillg of chiirlgcs ill'feeling cl'Ol+

produ¢lion (e.g.. blig II. drought, dise:lsel

* I.'OIIIlllOdilV plX'ldtlCtiOI1 tlllullipI¢ crol'lS'l

• L;llld-tlSi.? IllOllilorill_

• I,tcnewabl¢ resources (l\'_od aml fiber1 m-

vi,.'ll hi r v

• l..lml pn,,dll¢livily csliln:llcs

• ('OIl._Cl'V;lliOll pRICl iCeS ;I,SSt',s.'_lllPIII

I Polhilion d+l¢clion ;ind iillliicnc¢

t'oniillodily crllps inchided hi llic glob:ll

slud) ;ire" whctil, barlc.v, rice, corll, ;illd so)'b¢;lll,S

3s gi'owil bolh in Ih¢ I.!nilcd _l;ilt's ;illll parlicip,i-

Iin,_ I'orl'ign coiiillrics ;iiltl, in ;iddilion, i.'ol*,_ll,

SOl'ghiiili, ;llld _;lilil]ow¢_ in Ihc Ilnilcd .'_l;ll¢.s

;llOllt,.

Our Iin;il cx;iiupl¢ is ;i slcp {_¢)'ond Ih¢ Iwo

ca.x¢.s jusl cx;iinincd, {'on,sider I:ilur¢ ,_-5. Fills is ;'l

gcllcr'.lli,,cd olillinc ol'a !tlobal rt...41.111rci?s inlclrlll;lliOll

progranl I\n lh¢ I_lStl"s :ind bcvolld, l'hcre ;Ire I\'lllr

priilcipill areas of :ll_plb::lliolls: ;l_ricullur¢/ralle, el

forcsl I I'ood ;llld fiber): non-rcneW:lbl¢ resources

(ill,iilll._ Cilcrg$ .llld Iliiii¢l;llS}; I,illd u.s¢, h$ droklg)

¢ilVil'tlflliWiiI (I;l:ld ;lild w;ik'r ill;Hl;I,Rc'lil¢lll]; ;llld

g¢odyn',li,lics (',lrcas o1" Ih¢ ,',coscicnccs lhal inchid¢

_r;ivil)" ;ind iil:ign¢li¢ I'i¢lds;mrusl;il d)'n;iillics; _lid
F:irlh invcslig,ilions). :_dlhough Ihis di;ig_,iill is hli-

pcrl'c¢l Iii ils _ciler;il{l$, il warr;llllS VOllr insp¢¢lioil

b¢c;llls_, such ;i bro;id pr_r;llll st'l"%'_.'s ;is ;I IIIod¢l for

d_'v¢lopnlcnl of I'_'llcr;ili),-siipl_Orlt'tl rv,q_oil.,_.',s It)

;Ih ;lllilOilill'Od policy b v Ih¢ I, Inilcd _1-'i1¢.'; Ilovcrn-

ili¢111 Io provide illlorlll;lliOli ,T,i :i!! !!;iliOllS of lh¢

world.

A CLOSING CHALLENGE

Yotl h,lxc' .11 I;iM re,lobed lhi" .il+rtlpl ctld o(

Ihi." iil;lill I_c,,I) of lhis x_,ol'kbook. \V¢ shall pro-

_.id¢ lli, I IlOl'id cxhorl;lliolls lo 1c,1_¢ \'till cxhil;ll'-

,ilcll b) I_i'Onl'l.'cl. ", for Ihc liillirl'. I'hc closiil_ will

t_" t_llil r_'_l_Oll_ibilil),. I'_t Iitllsli Oll ,Ill ,iliillSili_

I101¢, l<,'_ok ;11 I:igurc S-O. This p;lir o1" i'lholos show..,,;

ih¢ f, lined I'd_¢cm r, lalforms ;i¢lll;lll.v u._'d ill

Finope in Ih¢ ¢;irly Iq00"s. Hie pi.eeons c.lrricd

li_hl'0,¢i_hl. ;iulcllll;llic-advan,.'¢ ,.'airier:is linlcd h.l

prc,.hlc¢ .I s¢l of pi¢llll¢S ill _li_hl. (}lie silch
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OF POOR QUALITY

GLOBAL/DOMESTIC RESOURCES INFORMATION CONCEPT

OBJECTIVE: DEVELOP THE USE OF SPACE DERIVED DATA TO PROVIDE
INFORMATION FOR THE MANAGEMENT OF CRITICAL RESOURCES

ESTABLISH A GLOBAL RESOURCES OPERATIONAL SYSTEM IN THE 1980's

__ i - NOAA

NASA

GLOBAL RESOURCES OPERATIONAL

SATELLITE SYSTEM

S
P

A
C
E

S

Y
S
F

E
M

INFORMATION
SETS

USER

OPERA FIONAL
SYSTEM

ENERGY AND LAND AND WATER
MINERAL MANAGEMENT

DATA ANALYSIS 1

FEDERAL AGENCIES
EXPLORATION STATE AND LOCAL GOV'T

COMPANIES USAID
USDI USCOE

f

._ • it i ii

i

S) _ I

lm
[

USDA

USAID

f

i

GEODYNAM

STATE GOV'T

USDC

f
USER GROUND DATA INFORMATION SOURCES

Figure S-5. The Global Resources h)forJlnatJol) System,

photo of :l Bavarian castle is shown in the lower

ptclll_-, ;t-._t., ' the win_s (crudely :malogous to the

solar power p;mcls on Landsat). Across tile middle

is a motto added to Illis display hy the author. I[
Ill;IV have Ill;.llly Illt.';lllin_s, _,ood or I_ad. dcpendin_

on Iiow one I'ccls abotH renlole scllsJng.

HOW DO YOU FEEL ABOUT THIS NEW FIELD?

In _our notebook, write :l Stllllnl;ll'y outlill¢,

or ;1 list of phlsc.,; and InJlltl,_¢s for tOpiCS of yotlr

choice. Ihat reveals your innermost l'ct:lin_s :rod

attitude IOW;lrd L;ind.,_lt ;llld retool.: sensing.
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h;Ised o11 wh,;ll ._ou h:Iv,,." I¢;.krrz,'d and :iccon'q",li.,;hcd

from lhis W.',rkb,.')ok. _I_ you hm,c ,..:'ro,.vrl wc;J_' oI"

answcrin,.,, qu,.'slions with wrJllctl words, lhcrt ;.it

the lcasl iml+l;ml your ,,'Jews ;rod thot,ghts in :;otlt¢

hallowed niche in your miml.)

Remote Sensing is for the Birds:

Figure S-G, A m0l)lltt mrt',orne _l.!tt,,rm ,_,.th '_ ..... ,, • 'a..0 ..... ,_. SOlIS,.JI Jt_d J res,llIillg imJ,]e of J _Jv3rial'l

c,lstle.
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APPENDIX A

THE
LANDSAT

SYSTEM

MISSION AND SYSTEM REQUIREMENTS

As initially defined in the late 1960's, the
primary Landsat mission was to demonstrate the

feasibility of multispectral remote sensing from
space for practical Earth resources management

applications. The overall system reqttiremen'_ were

the acquisition of multispectral images, the collec-
tion of data from remotely located ground plat-
forms, and the production of photographic and

digital data in quantities and formats most helpful

to potential users. In addition, it was requ.red that

these data be taken in a specific manner: namely,

that repetitive observations be made at the same

local time; that the images produced by the sen-
sors be overlapping, both in and across the direc-

tion of flight; and that the images be correctly

lecated to better than 3.7 km (2.3 miles). Periodic

coverage of each area was to occur at least every
3 weeks. The operating lifespan of the spacecraft

and its sensor systems was to be a mitfimum of I
year. Finally, it was necessary to process and dis-

tribute all these data to investigators in a useful

form and on a timely basis.

SPACECRAFT

To accomplish these goals, tim Landsat space-

craft was designed and built by the Space Division
of General Electric Company in Valley Fore. Pa.

This spacecraft, an outgrowth of the Nimbus series
of meteorological satellites, was designed to carry
two remote sensing systems and a system lbr col-

lecting data from sensors located in remote nlaces
on the Earth, the data collection system (DCS).

Some of the more pertinent parameters of the

._pacecraft are given in Table A-I.

IPart of this section was written by Dr. Stanley C. Freden, Chief.
Mis.vions Utilization Office, Goddard Space Flight Center, for use

m .ttission to Earth. Landsat l'ie_ the tt'or[d. N,,LSA SP-360.

Table A-1

Landsat Spacecraft Characteristics

Weight
Size

Power

Attitude control

Attitude measurement

Telemetry

Commands

Thermal

Wideband videotape recorder

Orbit adiust

959 kg (2100 Ib)

3 by 1.5 m (10 by 5 ft);

4-m {13-ft) array

550 W

±0.7 °

+_0.07°

912 points

520 commands

200 C

30-rain recording capac!ty each

(two recorders on board)

~80 m/s
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!NCLINATION OF LANDSAT ORBIT TO

MAINTAIN SYNCHRONOUS ORBIT

AT 12:30 NOON

_ LOCAL TIME

EA_RTH

TATION

,EQUATORIAL
PLANE

t.AHO_T

AT 9:42 AM
LOCAL TIME

t /
- $

Figure A-I. Landsat spacecraft orbit.

OF POOR Q'UAL:W#'

./Orbit V6, day 2

185 km ..

._.,,_ 159 km

Figure A-2. Landsat ground coverage pattern. There are 14

revolutions per day, globaJ coverage requires 18 days.

ORBIT

The Landsat-1 spacecraft was launched on
July 23, 1972, and positioned in the orbit shown

in Figure A-1 and Table A-2. Landsat-2 was launch-
ed on June 22, 1975, and kandsat-3 was launched

on March 5, 1978. Currently, only Landsat-3 is
operational. These satellites have a nominal alti-
tude of 917 km (570 miles); 99 ° orbital inclina-

tion. which makes them nearly polar; and a Sun-
synchronous orbit, which means that the orbit

plane processes about the Earth at the same angular
rate that the Earth moves about the Sun. Tiffs fea-

ture enables the spacecraft to cross the Equator
at the same local time (about 9:30 to 10:00 a.m.)
on the sunlit side of the Earth. Each of the two

sensing systems on Landsats-I and -2, return beam
v;.dicon (RBV) and multispectral scanner (MSS),
views an area 185 km (115 miles) on a side. On
Landsat-3 the RBV system was modified to im-

prove the resolution. Figure A-2 indicates how the

requirement for repeat coven_ge is met. From one

orbit to the next, the subsatellite point moves

2875 km (I 785 miles) at the Equator as the Earth

rotates beneath the spacecraft. The next day, 14
orbits later, it is approx,,'nately back to its original

location, with orbit 15 d_placed westward from

orbit 1 by 159 km (99 miles) at the Equator. This
continues for 18 days, after which orbit 252 falls

directly over orbit 1. As indicated in Figure A-2,

there is sidelap of 26 km (16 miles) in coverage at
the Equator from adjacent orbits on consecutive

days. It is important to note that this sidelap in-
creases with increasing latitude, to approximately
57 percent at 60 °. Thus, at high latitudes, sidelap

coverage is obtained on consecutive days over a

large portion oF an image. Sidelap coverage is
essential for stereoscopic viewing; it also permits
the monitoring of changes that occur over the l-

day period. It should be noted, however, that as
the area of sidelap increases with latitude, the

stereoscopic viewing an_e decreases.

PAYLOAD

The sensors are mounted on the bottom of

the spacecraft. The RBV system on Landsats-I and
-2 consists of three television-type cameras, each

covering a different spectral region; images are ob-

tained on a frame-by-frame basis. The spectral
characteristics of the RBV system are shown in

Table A-3. The time between picture sets is 25 s.

and readout time is 3.5 s per camera. There are five

exposure combinations, running from 4 to 16 ms:

( I ) 4.4.8, and 6.4; (2) 5.6.6.4, and 7.2; (3) 8, 8.8;
(4) 12, 12, and 12" (5) 16, 16, and 16. Data are
transmitted by the vidicon cameras at 3.5 MHz
FM.

The three vidicon cameras are mounted on

the base plate with their optical axes aligned. Fidu-

cial marks, engraved into the photoconductor of
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Table A-2
Landsat 1 Orbital Parameters

OR:G;;j.:' ; _ ...... v:-

OF POOR Q.-_=.,T'/'

Initial
Parameter Nominal correction Current*

Altitt_de of apogee, km (miles)

Eccentricity

Apo,qee/perigee differe:_ce,
km (miles)

Period, min

Inclination, deg
Descending node (a.m.)

Coverage cycle, days

917 (570)
.0001

1 (1.6)
103.34

99.09
9:30

18

912 (567)

.0005

9 (6)
103.26

99.12
9:42

18

919 (571)
.0020

22.7 (14.1)
103.26
99.03

9:38
18

*After 7 orbit corrections through February 4, 1974.

each camera, are used in the geometrical correction

of the images on the ground. On Landsat-3 the

three spectral RBV cameras were replaced by two

panchromatic cameras giving side-by-side viewing
at twice the spatial resolution (30-40 m).

Figure A-3 depicts both the concept of the
MSS multidetector array and the scanning system.

The scanning mirror oscillates through an angular

displacement of +2.89 ° . Because the angle of

incidence is equal to the angle of reflection, the
scanned beam is approximately 11° ,,vide. Six

parallel detectors in each of the four bands view
tile ground simultaneously. Thus, each mirror scan

covers an along-track distance of approximately
480 m 11574 ft) on the ground.

Althou_l the Instantaneous Field of View
(IFOV) _s 79 m 2 (67,1,J,3 sq It), the ability to
distinguish adjacent objects depends _eatly on
their shape and contrast. In fact, bridges over water

and dirt roads passing through vegetation may be
visible even if they arc as narrow as 10 m (33 ft).

The DCS provides a mechanism for relaying
data collected from remotely situated _ound-

based sensing platforms and retransmitting through
the satellite to the receiving stations. These data

are then quickly retransmitted to t,)e data users.

Each gound platform can have eight analog or
digital inputs. The system has a high probability

that data will be received from every platform
w,.'thin each 12-hour period. These sensing plat-
forms are used to measure water flow in rivers.

water level, water qua!ity, seismic acti,,ffy, and

similar phenomena. Figure A-4, showing the ge-

ometry of the DCS, demonstrates that the space-
craft must be in view of both the platform antenna
and the ground receiving antenna.

Table A-3 contains a summary of the Landsat

payloads and the parameters of the three major
pa)toad systems.

MSS SCANNING ARRANGEMENT

ILANDSAT-C)

WEST

_OUTH

I

NORTH ii/

I/

II

ST

DIRECTION

OF FLIGHT

SCAN

MIRROR

1

| FIELD OF VIEW =

_ 11.M DEGREES

1115km

2
NES SCAN DS 4-7

2.LrNES SCAN-BAND 8

F!g.'-'rc .^,-3. Cpera*,ion of the Landsat multispectral scanner

(MSS).
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_ 4000 km

Figure A-4. Data Collection System transmiss;on scheme.

Table A-3

Summary of Landsat 1 Payload Systems

High resolution TV (RBV) cameras:

Coverage

Spectral bands:*
1

2

3

Data

4-channel MSS:

Coverage

Spectral bands:
4

5

6

7

DCS:

Ground platforms

Ground platform input

Data

185 by 185 km (100 n. mi.)

0.48 to 0.57/sm (Blue-Green)

0.58 to 0.68/4m (Yellow-Red)

0.70 to 0.83/_rn (Red-IR)
3.5 MHz video

185 km (115 mi.) swath

0.5 to 0.6/sm (Green)

0.6 to 0.7 #m (Red)

0.7 to 0.8/_m (I R)

0.8to 1.1 /_m (IR)

Up to 1000

8 analog or digital signals

100 kHz digital

"The single band on the Pair of RBV cameras on Landsat 3 exten_s from 0.505 to 0.750/_m (panchromatic).
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GROUND DATA HANDLING

Processing History

In the early days of the Landsat program, all

data were processed at Goddard Space Flizht

Center. A block diagram of the total Landsat data

system then in operation is shown in Figure A-5.
Video data from the sensors arc telemetered to

Earth and acquired at three data acquisition
centers in the United States (Fairbanks, Alaska;

Goldstone, Calif.; and Greenbelt, Md.). In addition,

Canada, Brazil, Italy. Sweden, Japan. India and

Australia have _ound receiving stations for Landsat
,tata. and several more countries are in the process

of putting them into operation (Figure A-6). The
data from the U.S stations are sent to the NASA

Image Processing Facility (1PF), wlfich is part of

E)(II9.II COIIIl_,_

syllfem

tel_lry

O_lQl_lt Oral

Diila coltlK:tloll !r, lllt for rns

Orbl!

die t _.rminllt io¢1

_mmunlcsTl_'_

the Landsat Ground Data Handling System(GDHS)

at the Goddard Space Flight Center. In the IPF,

high density digital tapes are produced and sent to
the EROS Data Center in Sioux Falls, S. Dak.,

where computer compatible tapes (CCT's) and film

products are produced and distributed to the users.
Requirements for coverage are fed into the Opera-
tions Control Center (OCC). The OCC is responsi-

ble not only for the housekeeping management of
the spacecraft (for example, power budgeting), but

also for command sequences that will activate and
deactivate the sensors. Because both the recording

capacity of the on-board video tape kecorders and

the power of the spacecraft are limited, the opera-
tion of the sensors must be scheduled very care-

fully.
The IPF must hardie information from vari-

ous sources, such as the video signals from the two

instruments, the ephemeris (which is computed
from the orbital tracking data), spacecraft perform-

ance (for example, attitude), and the DCS platform
data. From these the 1FF generates digital tapes

of these images. The facility also processes data

from up to 1000 data co'dection platforms (DCP's).

The distal images are corrected, scaled, and also
annotated with coordinates, _ay scale, and geo-
metrical and other identifications.

l NASA

LInj_! Proje¢!

Oth¢o Feedl_ck
rand ck.a

requirements

'p

Ground _tm

_GV_ng ly_ern

[

_at,O4"*s ( NASA OItI

_nlrol I PrOCQIll_
Cenler FIcdi_

f
II'WI'.I11loll

Figure A-S. Initial Landsat-1 data handling system.
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CURRENT AND PROBABLE LANDSAT GROUND STATIONS

Current Processing. Sequence

Since 1979, both Goddard and the EROS
Data Center (EDC) have shared in the role of pro-

cessing digital tapes, and EDC became the sole dis-
tributor of Landsat images and tapes for the U.S.
Government. The major steps in the Landsat data

handling plan as o: 1980 are depicted in Figure

A-7. The sequence of events and processing steps

involved in producing a fully corrected standard
image are described below, as extracted from the
Landsat Data Users Notes. issue 8. September

1979, published by EDC. Keep in mind that the

12-day time line represents somewhat idealized
conditions and will likely be stretched out to

longer than 2 weeks under many circumstances.

Days 1 and 2. Acquisition be_ns when the OCC :.,t

NASA/Goddard commands the MSS to acquire

data over predetermined areas. If the satellite is

within transmitting range of one of the three U.S.

reception facilities (in Alaska, California, and
Maryland) cr any operated in foreign countries

through agreem,.mts with NASA (Figure A-6), the
data are transmitted immediately in real time. If

the satellite is not within range, the data are
recorded on onboard tape recorders for transmittal

later when the satellite comes into range.
The receiving stations receive the data via

tracking antennas and record it on wideband video
tape. Each morning, the data received at the Alas-
kan and Californian stations are transmitted in

wioebantl video form to .NASA/Goddard, ,.vhere
processing of the data starts. A commercial domes-
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tic communicatiorts satellite system (Domsat)
serves as the link over which these transmissions

are made.

Day 3 to Day 9. At NASA/Goddard, initial pro-
cessing (preprocessing) consists of converting the

wideband video data to digital form. At this time,
the data are band interleaved by line. The output is

a high density tape (HDT) known as an "F" tape.
Concurrently, an index tape called the Ancil-

lary Data Tape _ADT) is prepared on the Goddard

Sigma 5 computer. The ADT is used to create work
order c_rds that control and schedule the process-

ing of d: t 1 at Goddard.
The preprocessing digital data are then pro-

cessed through the Master Data Processor (MDP),

which performs both radiometric and geometrical
corrections. The geometrical corrections include
corrections for band-to-band offset, line length,

Earth rotation, and dctector-'o-detector sampling

delay. In addition. '.he image data are mapped to
th_ Hotine Oblique Mercatc, r map projection, by
using a geometrical model based on ground control

points, or systematic data if ground control points

are not available. A cubic convolution resampling
technique is ":red in this process. The result is a

high density _.,,pe der, oted as a "P" tape.
The MDP also crea.'.es t',e annotation data

(latitude/longitude t._c :narks, etc.) that will appear
on each image when r. produced. The Sigma 5 com-

puter creates a Goddard HD'f Inventory Tape
(GHIT) for use later at the EROS Data Center.

This processing by NASA/Goddard currently

requires approximately 7 days if no 7roblems are
encountered.

Day 10. When processing at NASA./Goddard is

complete, the corrected high density image tape
data are transmitted, by using the Domsat commu-
nications link, to the EROS Data Center. The

LANDSAT

l

J
/

""_ ........fi

....__

:_ra

NASA RIE C L I_,'ING

STATION

DOIM._ T

9ar=

_ "1

(L J
qi Trlos_ CTIV E

O_OEMS

NASA, GODDARD SPACE F | IGHT CENTER EROS DATA CEI_TER

, ................................................ . ......................... • • ....... ..... ................................... _ : ....... , ...............

Fi.3ure A-7. The cu,rent data handling system for Land_t-1, -2, and -3 in alteration since 1979.
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digital data microwave tratlsm[ssions arc rcCL'iw:d

by an ,mtenna at F.DC anti rerecorded on high

density tape. At this pohH, the data :ire ready for

pn)ccssing by the E|X" Digital Image Processing

System tI:'I)Ii'S).

Concurrently, the Goddard-prel_:lred (;fliT is

transmitled over a leased-line telecommunications

link on the ground. The (;lilt is used to prepare

I:'I)IPS work order cards I\)r scheduling ,uld coutrol

of image data processing at I-DC.

Day 10 to Day 12. The high density image tapes :ire

nultchcd with the corresponding work order cards

and bolh are input to EDIi'S. As the tapes are read,

a microprocessor generates a histogram of pixel

values, conlputing tile total number of pixels

occurring at each of 128 digital levels of intensity.

EI)IPS then al',plies a haze removal algorithnl aml

l\)rmals thL" digital tlala I])r input Io ,,n on-line laser

bealll recorder, Magnetic tape recorders are illSO

Oll-lhle and Call accept tilL' fornlalled dal:i alld

ere;tie conlputer conlpalibl¢ tapes (('CTs).

elite exposed, the I/Inl is delivered to the

ElY Phoh)graphic Laboratories. It is developed,

Jn,,;pecletl, cheL'kL'tl for d¢llsJly alld scale, alltl

Landsat-D Data

I'hc tqali._ for handling lhc MSS and TM

dal:i froill the k:indstll-I)sL'rJes o1" spaL'ccrafl :ire
still in a stale of cvoltltJoll, alld SOllle of Ih¢ ctirrcnl

deciMons tindcrgoJng ilnl_lcnlcntation :ire Stlbjcct to

changL'. As Stililnlarized I)v I)r. Vhlc¢ill V. Salolllon-

Still. the Laildsal-I) I_logralli scientist, the major

highlights alld aspt..¢ts of Ihe Laild.il-I) program :is
of March IqSI are as follows: 2

• Landsat-I) It) be launched by the third

quarter of Iq82 tlargel date: July 3 l, It)g2}

• Landsal-I)' iaiillch readiness to be achieved

within 12 to 15 inollths after Landsat-I)

launch Ilarget date: July 31, 19,'q3)

• rracking and l)ata Relay Satellite System

ITI)RSS) Io be Landsat-I)/I)' obscrvatoIT It)

grOillld-scglllelll Ct)lllllltlllJcaliOllS ilelwork

• (;rouiid ._lalJoll TrackJiig alld I)ala N¢lwork

((;SI'I)NI will Iw eniplllyed unlil I'I)RSS I_e-

2S,llOillOllson, %'.%'.. IJTo¢ of SPIlt i'eehlllt'al S)IiIiw.sillln I{a_,l ",q I,

SoL'ii,.l.', el I_llOlO-_llllical I:ilt_llic'i'l, <_tllr 2il-24, 19Sl. W,l'_ililil_hlli.

II.C.
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assessed for image ,luality and clolld Cover. After

pat;sing q'iali',y assurance, it is c,.t into h,,dividua!

images alid a:chived.

• Archival fihn alid the fully processed high

density t:lpcs received from Goddard :ire main-

t:lined at El.K" for product generation and di._m-

inatJon. ('Onllniler coinpatible tapes are created,

when iweded, fronl the high density tapes in

storage.

The processing thai takes place at I:.l)U

requires approxinlately 3 days. If no major prob-

lems :ire encountered at any point from original

acqt, isitio,i by NASA to entry into the ED("

archives, under optimunl conditions a total pro-

cessing time of 12 days could be expected. Any

process.g_: of orders froth CtlSlomers and dis_nlJ-

nation of prothlets would follow subsequently.

This nonlinal time line for processing of

standard produ¢ts nuly deviate widely if non-

st:illda:d products art' involved. Tlic._ wotlld ill-

chide iwt_thicts such as corrected data in different

map projections, or uncorrected data. Such data

products me,st be processed retrospectively through

the system, and allowances _'or extra time should

be nlade dcpellding oil the particulars of the non-

standard product ordered.

Handling Plan

comes av:lilable

• Data to bc Iransn;itted tlirc¢lly to foreign

grolllld sit.it Jells

• (;lobal Positioning S.vslenl ((ILLS} to provide

el_hemeris data

• l'rcdictk'e-fit ephemeris to be used tllltJl (.PS

heconles operational

• Protollight thcluatic inapl'_er to fly oil Land-

._lt-I), hut will not cause delay of launch if

not ready

• Angular displacenlent sensor to be Ilown on

Laiidsats I') aild l)'

• MSS data processing to begin at I.andsat-D

launch phls 14 days

• NASA to conduct TM evahlation at the l-

scene/day level during first )'ear and TM

R&I) proccssine :it tile 12-sccli¢,.'dav level

during the second year of LandsaI-i) inissioii

life

• TM R&I) quality d:lta to be available on a

limited basis beginning 1 year after Landsat-

n I:,,.,:..c!,.



,m F,X| l+rovcs procc..+shtg ¢ap:d,il+ty :t{ the +Y-

scene hi_h-density Ripe, )2-scene .%1,I-11111'i

l'ihn lUilster, and -'-scclkc CO ml'Dtll _.'r-

compalit, tc {ape product level per day to bc

;l<hicvt'd by Jill)' 3 l, I 0_4

• I'M troweling C:ll+:dqlilyill the 50-stony

high-density t:ll+¢,50-scene 241-ram film

llld._lul',,tHd IO-.',C¢It_"Co_lt|_(llqr-+;t_llll_,llibk"

limC pn+ducl Irv¢l per dilyh_ bc :lihic+cdby

]imuary 3 [, lt)g._ tilS,,itllllillglhill;II'M willbc

humchcd by July lqg31

( :r<_.ml scem('tt{ +r.'rl+t)rlllitltcc itlld l+_dltclioi|

r-qtlircln¢lll.,,;|r_"showll ill"FablesA-4 ;rodA-5. For

the phase el+ dilla handli|q= to bc conducled at

(;oddard, dw _rot|lld sy.,+{+lll +.+Otlll+Oll¢ll{._,lltlw

l+hlllllcdfor l.illld._ill-l);Ire¢onll>;IrcdillFigure A-g

with those developed for the earlierl_andsats.Flow

diagrams for the image generation process ar_ given

ill Figtlr¢ A -+} for the MSS <lop):llld "PM (bottom}

,,,;t'll,sf_r_. l'])t" Oil|fill I'IIHII bo|h l_rt+¢P_+t+'+ :lrP hill)

density tapes that :iresent cl.scwhcre for produc-

tion of ilni|gcsand CC'["s l\_rthe user COlU111L1ttily.

Table A-4

Landsat-D/D' Ground-Segment hnage P_,rformance Requirsments

Function/Operation ;, Performance Objective

Turnaround 48 hours from collection of raw sensor data

to generation of MSS archival products

(worst-case averaged over 10 days)

f quantum level over full rangeRadiometric error correction (relative

interdete<:tor)

Geometric error correction (nomLyd

conditions with GCP's}

Temporal registration error

Map projections supported

R_sJmplinq algo_ ithms suppot ted

0.5 sensor pixel (90% of the time) (with

sufficient correlatable ground control pointsl

0.3 sensor pixel (90,% of the time) (with

sufficient correlatable control points)

Space oblique mercator

Universal transverse mercator/polar stereo-

<.lraphic
Cubic convolution

Nearest neiejhbor

Typical Ground
System Components

Equivalent Landsat-D/D'
Ground System
Componel+t

Operatioi_s
Control

Center '
IOCC)

Control [t
Simulation

Facility
(CSF)

.Mission

Management
Facility
(MMF)

Data

Management

System

(DMS)

Image
Generation

Facility
tlGF)

Landsat
Assessment

System
(LAS)

The MMF, the CSF and the IGF represent the logical extensions of the Operations
Control Center and Data Management System concepts prevalent in the 1970s,
F_lu+e A 8. Ground systems com_)oneHls ,,t Goddald t,;13aceFIBIhl Center for Lai_dsat.1. ,2. arid -3 (top) aild ptol,x_sed lot
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Table A-5

Landsat-D Production Requirements*

No. Product

Quantity

Required for NOAA

(Scenes/Day)

When Available

1 MSS A tape (HDT) (user product) 200

MSS 70-ram film (QC product)

(one band)

2 MSS CCT (A or P) (QC product) 2

3 MSS 241mm film (OC product) 4

4 TM A tape (HDT) (user product) 100

5 IM P Tape IHDT) luscr product) 50

6 TM CCT (A or P) (user product) 10

a. Capability Ior 200 scenes/day

et launch

b. Turnover operational system

to NOAA, 200 scenes/day at

O launch phls 6 months

At launch of Landsat-D

a. At launch of Landsat-D: 2

scenes/day

b. Launch _ DO days: 4 scenes/day

a. In July 1983, 12 scenes/day with

a prh)ri iitter correction

b. By April 1984. 12 scenes/day
must be demonstratc_l"

c. Turnover operational system to

NOAA, 100 scenes/day, in

January 1985"

a. In July 1983, 12 scenes/day with

a pri_)ri jitter correction

b. By April 1984, 12 scenes/day

must be demonstrat_._l""

c. Turnover operational system to

NOAA, 50 scenes/day in

January 1985" "

a. In July 19E.'], 2 scenes/day

b. By April 1984.2 scenes/day

Ill&IS| be demonstrate_|

c. Turnover operational system to

NOAA, 10 scenes/day in

January 1985 "°

°_l.'l'l|ll_iill_l_l" i|il I l.ll_|llll_ll ill l_ll||_lll WI|h ,l 4_ hit111 |_,II ll;llllUltll ilVlllli,)l_'l| t1_,'l'l ,1 1_ I|ii¥ pr'll_ll|.

"°A_iLIII_I_S lb.'t! .1 th¢'it1_It_¢ n_l$_l_"g W,II l_t_ l._L,n_'#_t_t| t_¥ J_II_ ¸ I_.].

-1I,_
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| STATION

I MODI:M

IF RC)t.I

L.OO"SAT'I

DATA

RECEIVING

RECOIIDING

( "uIR I_IINPUT & _.:_, .,_,

_._ /I IREFO"MA':'NGII ol:

GEOMETRIC CORRECTION DATA

• ALTITUDE

• EPtIEMERIS

• MSS.UNIOUE

(Gs_}_ COMPUTE

• GEOMETRIC CORRECTION MATRICES

• RAQIOMETRIC CO_|RECT|ON FUNCTIONS

• ANNOTATION DATA

1
CORRECTION

RADIOMETRIC _'_

r -_,,_,.T,. -I .,,oCON,R,X/(/-_I GIIOt:NO _I POINT DATA

L!'A--".o-"_ J_

OA|A INPUT

RECEIVING sCREENiNG.
RECORDINO DATA EXIR.

L ..... J

Figure A-9.

GEOMETRIC CORREC|'ION DATA

• ATTITUDE

• EPIIEMERIS

• TM UNIQUE

C_1E• GEOM CORRECTION

MATRICES

I • RADIOCORRECTION FUNCTIONS• ANNOTATION DATA

'__ J-oio..Ricl._l OEO.E*.,O_'ZI coRR'c'I°N_1
. °°-'cTi"'l-_

FPRoouc,_

i=NERATION__:_

Landsat-D image generation process flow ,=orMSS (top) and TM (bottom) data.
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APPENDIX B

PRINCIPLES OF
COMPUTER PROCESSING

OF LANDSAT DATA

SOME GENERAL CONSIDERATIONS

The limitations to photointerpretation men-

tioned at tile beginning of Activity 5 (p. 146) se-
verely restrict the usefulness of the Landsat system

for many much-needed applications. The computer,

with its specml capabilities, can overcome this defi-
ciency by virtue of its volume capacity, its memory,

its precision in measuring small differences, its flex-
ibility, and its facility for carrying out complex

mathematical operations and for numerous repeti-
tions of the same processing steps. Specifically,

computer processing lhcditates extraction of in-
formation from every pixel by executing a variety

of functional operations, called processing algo-

rithms, in general or specialized routines. The best
results are obtained when data from more than one

multispectral band are used together.
Before reading on, it would be wise to to,si-

der the two tables on page 147, which outline

the various ways in which computer processing
assists in the interpretation and uses of satellite

data for Earth resources applications. Remember

that many of the techniques and resulting image
displays discussed in the following pages have pre-

viously been documented visually in Activity. 5. In

presenting the specific principles and topics consi-
dered in this appendix, it is assumed that the reader

has some basic understanding of digital or binary
codes, of how computers operate as machines, and
of the common concepts and terms that underlie

today's computer technology. For an in-depth re-

view of data processing built on a mathematical
foundation, consult H. Moik, Digital Processing of

Remotely Sensed Data, NASA SP-431, 1980, 330

pp. (Government Printing Office, Washington,
D.C.)

STATISTICAL BACKGROUND

In addition to some awareness of computer

fundamentals, a knowledge of statistical methods.

with emphasis on multivariate analysis, would serve

as a useful background for some of the concepts
treated in this appendix, Activity 5, and parts of

Activity 6. Pertinent topics in those sections c,f the
workbook are presented with the presumption that

the reader appreciates some basic terms in statistics,
but familiarity with these terms is not always essen-

tial to understanding the remote sensing topics.
The interested reader with mathematical inclina-

tions may refer to Chapter 3 in Remote Sensing:

The Quantitative Approach, by Swain and Davis

(see reference in Appendix G), or, for a more gen-
eral treatise, may consult Anderson, T.W., An httro-

duction to Multirariate Stattstical Analysis (J. Wiley
& Sons, New York), 1958.



i:or thosc witit lltth.- +Xl+Cnencc in s[at_stLCS,

here arc some kcy ideas in a ntttshcll.

+'t,lcasurcmcnts of a l+articular l+aramctcr that
;Ireas+sociatt.'tl with a class will constitut.," a statisti-

cal l_Ol+ulatio, (a well-defined set of elements asso-

ciated with representative individuals of a class).

The values for a given +_unple of the elements will

show variatmns due to natural differences and/or

to errors or measurement. These values are usually

distributed in some characteristic I*requcncy of

occurrence, such that one value (central valuc)

occurs most often and other v;llues less so in ;1 sy._-

tem;_tic or random way. The frequency distribution

is governed by appropriate roles of probability.

Tile normal or G,mssian distribution apl,ears as th.e

lamiliar I+eil-shaped curve

in which the central value tf

/correspcmds to the IHt'tD!

t,u tbr pol+ulation..*f for

samplcL the arith,netic

average, computed as tile

sum of all values x"i divided by the ntmlbcr of

tlteastlP,.'lnents n ill the i+optdatiort or samph:. The

sp_'ad or dis|+ersion of values about the reel.ill is

given by tile r, triance to:, for population; s z t\_r

sartlplc stzb_'t" the sample V;.li'i;.lllfe iS all el'ficicnt

estimator o|" population if the samples arc selected

at randon; from a normal distributionL c,tlculatcd

(.V -/,1): x-,_ (\'i-_: 'n-1.;l_ (7 2 = _u II or _2 : _i= I

where each obse_ed value x. from I to n is diffcr-
I

enced wit h respect to/a or._. stj u;lred _thus chatlging

:my negative values to positiveL and smumed (x-._.

l'hc square root ot" tile variance, as o or s, is lcrtnctl

the .s+lmtd+u'd dt'ridri(m. I:or ;I ilOllilal distribution.

some oS.3 percent of all obsc_'ed {lnoastlr-t'd')

values fall within ± Io.

Covariance is a relevant property in the anal-

}sis of multiv:matc distributions. Several v:mablcs

that describe a given population may or may no[ be

related to each other. Covariance is a tllC;.lStlre oi"

such a relation bct_vccn t_vo variables. It is del'itled

.IS

= x,,_ 1. _Ki ) .r_ ) n-iSzj _k + I Xik _'Xik J

xshere (xik .xik ) are the vahws of varial_lcs x i arid x.• I

char'actcrizing the k th sample and (K i. Kjt ;ire the
means of these _ ariablcs over the sanwle_ I through

n. A high xaluc of covariancc indicates that the two

variables arc highly correlated, and it is therefore

redundant to measure both variables. When handling

multivariate distributions, it is convenient to arrange

the covariance between :ill possible pairs of variables

'in a two-xlimensional array called the variance-

covariance matrix (conilnotlly. shortened to covari-

ante matrixL For a three-variable case, such a

matrix would be as follows:

S_ I Si2 SI3

$21 S_2 S23

S31 S32 .2$33

Note that s_t. s_:, s_s :Ire simply the variances

of lhe individual variables. Also, ss_ = si. I , etc.,

that is to say. the covariance matrix is "'symmetri-
cal."

In remote sensing, all pixels associated with

any one class |'r,.'sent in a scene constitute the

.'_lmplcd subset of the popt|latio|| of all values (of a

specified property or parameter/for that clag. Re-

flectance may be the variable to be considered:

other variables could he chemical compo::ition,

density, etc.. which may be closely tied to reflect-

ante or may have no inherent relation. More com-

monly, tile property (of reflectance/is expressed as

two or more interrelated variables, such as intensity

of reflected radiation ai:d w:wclength. For lhc

Landsat MSS, each band (collection of wavelengths)

may be considered as an independctlt variable

which, in turn. has radiance (mr radiant inlensity/

as a dependent variable. For a given surface class, the

pixel I)N's rep_'sent a series of dependent variable

values as measured in each band. For any cla_.

some spread of 1)N values (becatl._' Of rtatttral

variation, the mix effect, errors) will occur within

each band. When measurements on two different

classes *1 and N are made in only one band. the

spre:ld of values for one cla_s may be similar to that

of a _'cond class. This nlay also hold tree Ibr a

_cond bartd considered independently (Figure

B-IAk Iiowevcr. when the DN values for each and

ever3.' pixel Ibr both cl;_sscs and both bands are

plotted together lone against the other) on a

simple .X'-Y diagram, a separation normally is

achieved IFig. B-I BL

4__
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A B

Figure B-1. Improvement in separability of two classes
(M and N) by increasing measurement bands from one (A]

to two (Es_(modified from Swain and Davis. 1979).

Various statistical manipulations and tests

are available to determine whether pJxels belong

to the same class (same population) or to different

(and separable) classes. Other techniques can de-

termine whether supposedly independent vari-

ables (e.g., two wavebands in different regions of

the EM spectrum) are actually independent or are

really correlated and hence redundant (so that

measurement by either would suffice).

COMP UTER TAP E CHARACTERISTICS

Returning now to our consideration of com-

puter processing, it will be instructive at the outset

to highlight the characteristics of Landsat computer

compatible tapes (CCT's). First. they are generated

by conversion c,f the distal data recorded on wide-

band video tape at the various receiving stations in

the United States and worldwide. For data acquired

by U.S. receiving stations. _he CCT's are produced

by the Image Processing Facility (IPF; before mid-

1978 this was known as NASA Data Processing

Facility or NDPF) at Goddard Space Flight Center,
and the|| sczlt to the Department of Interior's EROS

Data Center (EDC) at Sioux Falls. S. Dak.

Each standard Landsat image (Figure B-2)is

constructed from a sequence of 2256 scan lines

and a variable number of pixels, set nominally at

3240. t In the CCT for the corresponding scene.

the mmlbcr of scau lines is fixed at 2340. and each

line zs adjusted to 3318 pixels by introduction of

enough "'bogus" pixels to fill a line so that its length

is cqtm, alcnt to a constant _o'md distance for a

standard orbital altitt|de. Thus. for any given band.

the total average nmnber of pixels will be 3318

[,ixcls.;scan line X 2340 scan lines = 7,764,120. For

the four bands the comFosite total of pixels is

therefore 31.05o.480.

In order for a computer to read a CCT, data

on the tape must be arranged in a suitable format.

Programs for conversion from one format to an-

other are ava;lable. Information about data struc-

\
\

Figure B-2. The pixel makeup of a standard Land=at in:zge.

I This number changes from sCene to scene owing to vasiations in

orbital allitude and mirror scan velocity.
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ture and contents within files on a CCT are con-

tained in header records. Three essential pieces of

information are required.

I. What arc" the number o t" tracks? Since the

DN's for a pixel are recorded on-board over

a range of 0 to 63 (26 values), the nlinimuln

nunlber of tracks needed on a CCT will be 6.

One additional track is used for parity check.

However. the DN range is commonly ex-

panded to 0 to 255 t2 s values), for which 8

tracks are required. Therefore. the data are

normally recorded on either 7- or 9-track

CCT's: the 9-track ,ormat is more frequently

used today.

2. What is the data density :m a tape? Until the

launch of l..andsat-3, the packing of data

within each track was fixed at either 800 or

Io00 bits per inch tBPI). While this CCT

mode will continue to be furnished, after

1078 a high density digital tape (HDDT)

containing up to 100 Landsat scenes on a

large diatneter reel will be an optional pro-

duct available fro, n the EROS Data Center

for those cquipp,,d to handle this lllode.

3. tlow art" the Landsct band &Jta presented?

TWO t.'OlllllIOI1 options are band sequeptlial

and t,amtinrerh'aved (Figure B-3). In the first

case, all data for a single band covering the

entire scene are written on one file, usually

on one 800 BPI tape. Thus, four standard

(lO-in diameter: l-in width) tapes are needed

(or one if the more efficient 1600 BPI pack-

ing is used). In the second case the data for

the four bands are often written line by line

on tile same tape (there are other formats,

such as interleaved pixel by pixei). For the

800 BPI density, each of four standard tapes

will cover one-quarter of the Landsat data:

for 1600 BPI all the data are included on

one tape.

In working with the data sets in a CCT it is

helpful to reference the locations within a scene

according to some grid coordinate s}stem that re-

lates directly to the pixel distribution. O_erlay 3 in

the Back Pocket shows how this is done for a

1:1.000.000 scale image product. This skewed X-Y

system simply uses the elements or pixels as .It"

values anti tile scan lines as Y values; tile origin or

0 point is here located in tile upper left. When

specifying the approximate location of :in area of

interest within a scene to be computer processed.

these grid values may be quickly deternlined by

placing such a transparent overlay on a Landsat

image of tile same scale.

TWO COMMONLY USED DATA FORMATS

........ .......I"!°l°!"lf
BAND BY BAND

BRIGHTNESS BRIGHTNESS

VALUES VALUES

FOR CHANNEL-1 FOR CHANNEL-2

L = LINE NUMBER
S - SAMPLE NUMBER

tl L, I L, t " I L, I I L, I L, I L, I L, I 1_" I LNI LNI LN'i ' I LNI LN_._ I LNI

l 'l°l°l li "'""l"l°l°i"l.......I"l°i l"l 
LINE BY LiNE

Figure E_-.3. _and oy oancl ana ime IoV line clara formats.
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PROCESSING MODES

There are two basic approaches to computer-

aided proc_'ssing of Landsat data: (1) tile batch

mode. and (2) tile interactive nlodc (usually with

graphics and/or pictorial TV console display). In

either processing mode. the user d,'aws upon his

knowledge of tile ,n'eas being investigated and his

experience in making interpretations and assess-

merits according to the types of problems or data

analysis. Ancillary infonuation, in the form of

maps, aerial photos, previous lield trips, or general

l'amiliarity with the kinds of discipline-related

results expected, :ire comnlonly integrated into the

processing, as real inputs into the computer and/or

as conceptual models in tile user's mind.

Ill the batch mode a job or processing task is

submitted through a terminal or card reader to a

central processing unit and at,xiliary hardware

te.g., an IBM 360/75] as one of many jobs run si-

multaneously. The desired output may be return-

ell shortly it" the conlputer is not tinder a ileavy

workload bul. more frequently, will be produced

some hours later, overnight, or occasionally later.

For SOlnC Ctmll_uter s v.'._.21ns tile user generally

relies on a progr:|mmer o" "'data tech'" to define

the best programs for the particular operations

,tilt] It) _,ttbmit _lnd retrieve tile sp¢¢ilic products.

I lowcver, the user may instead select the precise

aIgorithnls atld routines to be executed il' reason-

ably familiar with the structure and content of the

programs. An example is the VICAR system in-

ilially developed by the Jet Propulsion Laboratory

(JPL} for processing tl;lta from ltlnar and Martian

images, but since modified and expanded to handle

terrestrial remote sensing data. Frequently. after

st|liable training, tile user also becomes the oper-

ator alld carries out tile entire procc,_s_ng on a

remote terminal. To some extent there is inter-

a_:tion with the processor, sudl that changes ill

parameters or choices of new training sites may be

ntrodtlced until all optinmnl result hased oil user-

set success criteria is reached.

Ill interactive graphics systt:nls, the user has

even more direct involvement with and close con-

trol over the operations being performed (usually

on a minicomputer}. Furthermore, he sees both

intermediate and final results on a display unit al-

,host immediately after taking appropriate process-

ing steps. The user can thus make simultaneous

decisions to improve the quality of these results

and to check their validity. During nomlai oper-

ation, the user displays the scene (individt, al

bands or color) on the TV screen and conducts

processing on the terminal, tile col:sole controls, or

in some systems with a series of buttons (switches)

that access hardwired routines, hnage enlarge-

ments (scaling) are colnlnon choices to define

scene content more closely for further analysis.

Full or subset scenes may be contrast stretched,

ratioed, or otherwise enhanced by using applicable

routines. Areas of interest Call be blocked out with

a mowlble light cursor whose dimensions and posi-

tions in the scene are controlled by a console joy-

stick or a track ball.

Commercial interactive systems that have

been applied to remote sensing data include Gen-

eral l:.lectric's Image I00. the Bendix MDAS. the

Electroma,-,netic Systems Laboratory IDIMS. Inter-

national Imaging Systems" 1-"S, and Comtal Corpor-

ation's Series O. In addition, interactive systems

have bee,l developed at several university and fed-

eral institutions, such ,is JPL's VICAR. the

University of Kansas' KANDIDATS. and the

NASA Earth Resources Laboratory's PATREC.

In either approach, the results sou_lt ,nust

be documented as hard copy. This may have

various l'onns (not all compatible with both

approaches): chiefly, line printer output in pictorial

(alphanumeric characters or shadeprints) or tabular

fonuats, photographs of imag,:s from TV consoles.

and data tapes in fonuats designed to produce pic-

tures from such optical/photo computer-driven

systems as electron and laser beam recorders and

oth,'r film recorder unils (for example. Dicomed;

Optronics+.
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CHOICE OF SYSTEM

Choice of the approach and system is strongly
dependent on the nature, scope, and volume of

work to be i_erformed, the level of financial sup-
port, the anticipated cost benefits, and the current

availability of time-sharing opportunities. Batch

systems may be developed a: any institution

possessing adequate hardware by purchasing stilt-
able programs or software in the public domain

from COSMIC-" or from commercial supl_liers.

An investment of $10,000 to 5100,000 is nornlally

requirctl, :oge!her with a period oi"3 to 12 months
to become operational. Table B-I presents a list

of Software Systems currentl.v in use within the

United States for analy_'.ing mtdtispectral data:

month depending on tile sco_6e of work; terminals

and printer/plotters may also be rented or pur-

chused directly, Interactive systems arc generally

more expensive and have until now required out-
lays of about S50,000 to $500,000, depending on

prior av:.ilability of basic computer components
and tile amount and sophistication of other hard-

ware and software selected. However, less expen-
sive systems will soon be on the market.

Aspects of both :q_proaches may be contained
in a system. The fl,ow chart in Figure B.-4 describes

one such combination, as developed from JPl.,'s
VICAR software coupled with GE's hnage 100 and
other subsystems,

FigureB.4. The JPL hybrid interactive :mageprocessingsystem.

some or" these ;tre available thrott,,.fll COSMIC.
Time on several batch systems, such as Purdue

University's L,\RSYS and Pennsyhania State
University's ORSI-R, may be rented at costs t'rom

:l lcw mmdred to several thousand dollars per

:c(;s.MIC (Computer softwaxe Managementand Im'ormation Cen-
ter) is a federallyfunded facility run by the Universityof Georgia,
Athent_. (;a,, (._m which compuk't pl'ugrams developed unde_ gov.

eminents_-¢nsorshipmay be purchased.
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TABLE B-1

Software Systems
For

Multispectral Data Analysis

Acrom/m " Organization Computers

--- University of Wisconsin UNIVAC 1108, 1110

ARGOS New Jersey/DEP IBM 360, 370
UNIVAC 1108

ASTEP-II JSC, GSFC UNIVAC 1108, IBM 360

DAM JSC UNIVAC 1108

DIAL GE PDP 11

EDITOR USDA/ESCS; WRAP DEC-10

ELAS ERL VARIAN

ERDAS ERDAS, INC MICROCOMPUTER (Z-80 CPU)

ERIPS JSC iBM 360

GEOPIC EARTHSAT IBM 370

IMPAC D. Egbert Assoc. MICROPROCESSOR

ISU R SL Indiana State University 18M 370

KAN D IDATS University of Kansas PDP 1 I, IBM, CDC

LARSYS Purdue University IBM 3031, DEC-10

LIGMALS ERIM AMDAHL 470

LIMAP South Dakota SPB 18M 360

ORSER Pennsylvania State University; IBM 370
(OCCU LT) E R RSAC

R IPPE R Stanford University PDP 10

UM IPS University of Minnesota. CYBE R 170 SE R IES

VICAR JPL, GSFC IBM 360, PDP11

XPLOR CDC CYBER 170 SERIES

427



MAJOR OPERATIONS IN COMPUTER

PROCESSING

We call stlnlHlariz_? the main t_ses of coln|')l, lt-

ers in processing, interpreting, and applying Land-
sat data with these tour descriptive categories:

(I) pre-pr,,cessing, (2) enhancement. [3) classifi-
cation, a_d (4) multisource data correlation. The

major elements of each will be reviewed in some

detail in the following pages. Finally. in the re-
mainder of this appendix, we shall illustrate several

of tl:e more common operatior, s and products
associated with both batch and interactive com-

puter processing. Specific examples from IBM,

EROS Data Center, VICAR, ORSER, and hnage

100 processing systems have been presented for
the New York scene, anthracite coal mining, and

gypsy moth defoliation-topics introduced earlier
iq Activities 4 and 5.

Preprocessing

For many applications, especially those that

may be conducted through direct viewing of
image_, probably the most _ssential fil_t step in

computer processing of kandsat data is that of

"'preprocessing." Embodied in this category is a
series of corrective opera,'ions that remove or

reduce radiometric and geometrical distortions.

systematic or random noise, and other data imper-
fections. The corrections are needed to eliminate

or compensate lbr tilt" errors and anomalies in tile
raw data received from the satellite. Radiometric

anomalies are introduced during sampling quami-
zation and transmission of the sensed brightness

levels for individual pixels. Geometrical errors
result from :',ri:_tions in the .sensor perspective

(largely related to spacecraft atlitude} of a nat-
urally irregular surface. These various errors may

bc traced to four groups of effects, as follows:

PlaO'orm Effects

• Attitude _roli, pilch, yaw)

• Altitude variations

• Scan skew

• Spacecraft velocity changes

Sensor l.',]]_'cts

• Mirror scan nonlinearit.v

• Detector sampling delay

• Detector bias!gain

• Geometrical perspective

• Panoramic distortion

Scene Effect_

• Earth rotation

• Earth curvature

• Earth elevation

A tmospheric Effects

• Attenuation

• Scattering

Much of the preprocessing is done routinely at
Goddard's IPF. The preprot.essed outpu', is a distal

tape that is used to generate images directly on an
ima_ng device such as the electron beam recorder.

or to produce a computer compatible tape (CCT).

Thus. all images, regardless of subsequent history,

will experience some radiometric and geometrical
corrections. Since 1079 the preprocessing tapes
sent to the EROS Data Center are subiected to

further computer processing (llaze removal and gray

428



OF FCCR QUALITY

level adjustments: pp. 432 and 433) before products
are sent to the users. Most compute-r-oriented users

accept the correc,.ed CCT's as the starting point for
tl_eir further processing, but some have ,'equested

"'undoctored" tapes so that they can control all
applied corrections without losing data that may

otherwise be altered during Goddard preprocessing.

At Goddard. this preprocessing fails into five
categories: (1) Rearrangment of the data stream into

the 800 or 1600 BPI, 7- or 9-track tape formats.

The raw data are uncalibrated (uncorrected), but
radiometric calibration data are included in the

CCT along with intbrmation on line lengths. (2)

Expansion or decompression of the video signals

for bands 4.5, and 6 from an tipper DN limit of 63
units to a new limit of 127. The range for band 7 is

retained at 0 to 63. The expanded range must nor-

mally be recorded in the 9-track mode. (3) Reduc-
tion in variations of detector response: There are 6

detectors assigned to each of the 4 bands (giving a

gain and offset response, their behavior in operation
is invariably nonuniform. Thus, one or moi'e lines

in each array of 6 "nay, in any sweep, have higher
-or lowei" average radiance values over the ent,.'re line

length, giving rise to an often noticeable striping

(lighter or darker tones than neighbors) in indiv-'.d-
ual band images. Procedures have been deve!o.7,cd

for normalizing the g*.tector response variatio _o
cut down on the brightness differences bet_,.cn

these lines. However, further de_triping is usually

necessary to minimize this effect, and is applied at
the option of the t:ser. (4) Introduction of certain

geometrical adjustments. These include correction

for deviation of line of sight (MSS optics) from

nadir owing to pitch, yaw, and roll of the space-

craft, standardization of scan line lengths, don_
usually by inserting synthetic pixels to reach a

fixed number per line (3318), _orrections for non-
linearity of mirror velocity, and an initial correction

for Earth rotation, resulting in the skewed or paral-

I
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]_ 185 Km _---! _v- 13 Km

FigureB-5. ,'Theskeweffect.

total of 24) which receive light during each MSS
mirror scan. Although an extensive effort is made
before launch to matdt tite_e detcctot_ tua ulfii_tm

lelo_am outline (Figure B-5) ll_at is a trademark of

Landsat images. Fractional band offsets, usually

the ,c_-lt of t:al_e line _tatts, are also adjusted if
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that problem occurs." In addition, data on latitude

and longitude (scene Iocators) and ground displace-

ment errors (with respect to preselected ground

control points) are provided in the. tape. (5) Fitting

to some standard ,nap projection. The projection

now being used is the Space Oblique Mercator

_.SOM) or Ilotine Oblique Mercator (IlOM). The

Universal Transverse Mercator (UTM) was the base

projection for Landsat products until 1978. Both

that projection and Polar Stereographic (PS) for

scenes above 65 ° N and below 65 ° S latitudes may

be supplied instead upon special request as a retro-

spective order. The projection fitting is a mathenlat-

ical operation analogous to the "'rubber sheet

stretching" procedures used in aerial photogram-

metry, which interrelate tie points in all image to

ground control points (GCP's) at the surface. Cor-

rection grids conlpt|led from spacecraft :lttitutle

and altitude data define an orthogonal plotting

base of known dimensions and relation to tile

chosen projection. Pixels in the uncorrected image

data array arc then correlated with the GCP's

located within the grid. This results ill an output

image data set with known pixel locations tied to a

specific projection.

After receiving a preprocesscd CCT, the user

may elect to carry out t'ttrther preprocessing prior

to perforuling enhancenlents, classification, or

other i1,111or111:ltiOll extr:lction oper:ltit_ns. This is

nornlally done when an improved image prodt|ct or

display is sought. Certain steps or techniques may

be omitted in some operations, especially if they

tend to ir|fluetlce data values needed in spectro-

radiolnetric analysis.

Further I',reproccssing routines constitute :111

extensive and denlanding topic that cannot be fully

developed here. Wc sh:dl end our survey of this

subject by briefly considering these six important

operations, several of which are now being done

routinely during EDIPS processing by the EROS

I)ata Center:

Rescaling. It has bcco;llc conlnlon practice to fnr-

ther expand the DN limits from 0-127 to 0-255 (to

the S bit or 2 s single byte mode) to take advantage

of the fifll dynamic range available on most CRT

displays arid fihll recorders. When th, is is done in

tile contrast stretching ro,tine (see page 433 ), the

result is a wider range of densities into which a

given distribution of brightness values may be ex-

panded. The expansion is acconlplished simply by

multiplying the nu.uerical value of each DN by

some factor (such as 2 in the 0-127 case above.)

I)estriping. There are 24 detectors 1,6 per band) in

the Landsat MSS that record the changing light

intensities during each mirror sweep. Although

closely matched in their ability to measure equal

rcflectances, there are actual differences in their

responses, such that one or more detectors may

produce consistently higher or lower voltage levels.

If uncorrected, these vari.ations will show up in a

Landsat image as somewhat lighter or darker lines,

which appear as distinctive stripes.

Although preprocessing at Goddard reduces

lhe effects of nonlmifonn detector response, close

inspection of standard Landsat prints reveals the

persistence of noticeable striping. While this nsual-

ly does not seriously hanlper use of the imagery

ill photointerpretation, this striping is a distinct

costnetic blemish and may be distracting. Further,

it tuay inlluence computer identification anti

classification of features by contamin.')ting tile

statistical treatment of the I)N's with anomalous

or aberrant data values. Several methods lbr elimi-

nating the stripes have been devised. The global

:l_ctllod is illustrated ill Figure B-o. in the histo-

gram normalization method, the distribution of

DN values nleasured by each detector ill the group

of (_ (per band of tile MSS) is plotted ill a hislo-

gr:nn. The histogram data from a "'bad .° detector

will appear significantly different (i.e., will show

up ;is :1 deviation of its mean :lnd variance) froth

those of "'good" detectors. An edge test between

lille pairs is applied to identity bad lines that

exceed some threshold criterion. A reference line

in the group of 6 is then used to adjust or normal-

ize deviant lines to new values that most closely

:|pproximate the proper DN's.

3"lltis has proved especially tremblesome in many Land_f-3 scene.

When scan line otTset is corrected, useful data from as much as
ont_thild of a mene may Ix. compromised beyond relrieval.
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Fi_lule B.6, The tllob,il destripin9 method.

Lilw l)n)ll|nlli. Reiltlilioll.l o1" I.;ilid._;il dal;i I IqiOh) -

illl,lltS, i_rilllOills, displ:i)'s) ol'l¢ll show oi:¢;ision;ll

individual or irrc_ular l,.l'OlllX_ of Iircs Ihai are

cilhcr d,lrk or liiiil'l_i'ililV _r;iy (ill c'ol )r ¢ollll_O._ih,._

_OlliC dOlilillaill ¢olor will prcv:lil'i, I'his s¢,inline

drol_Oiil ¢1"1"¢c'1 is iisil;iil)' ICiiilL'd Io niolllCnl:lr)'

vollalc Ilu¢Itialion_ or Io._._ of si._n;il._ lied Ic) lh¢

.%ISS clc¢lroni¢s, or the daila trailsnlission s%'.'4lcII1

IOii-I_o',iril di'.zili/¢r, radio Ir:iilSlllill¢r_, Or r¢¢oivtrs).

I'hc illissin_ lint dail;: ill;IV I_¢ ;ll_l_roxinlalcly rt'-

slorcll I_)' inlCrl_ol;ilion, in which I)N values of

,idia¢¢nl pix¢ls Oil ¢ilhtr ._id¢ oI" lhc drol_OUl lille

;ire llSt't[ Io tSlilil:llt' tby ;iv¢i:lgilll} Ih¢ illosl i_rohli -

bit _;ihi¢ of lh¢ inlcrnlcdi;il¢ pix¢l. Anolhcr ;il 1-

pro;ith Siilipi)' rcp¢;llS Ih¢ vilhlcs o( tilt' p_'¢cdiill

st;Ill lint ;illd al¢¢epls lilt" crrors in¢llrrctl. I_t't;lrti-

less of nl¢lhod, lhe ]_N's ¢onslruclcd for lhe illissing

linc arc arlil'i¢ial bill, ncv¢rlhcl¢.,k_, iIl:_ly bc inthklcd

in Ihc d,ila scis iilvohcd in sl;ilislital Icsis wilhout

iliiith dailllal¢ Io validil).

Re._lin!)linl. II, csanllqin,,' is usiially required _vhcn-

c_¢r ,.z¢oillclri¢;il ft)lT¢¢lioIIS art :il,l_littl Io ,ill

inLigt' d;il;I sc'l .illd or .i d_ll:i stibscl (part o1",1 ._7t'lIC)

is rcsc:llcd..%lltr !hc v:iriotlS _'.t',_!ll,'iric:ll ,',_rn'c-

lions or tr:ulslations listed in pr_,vious pages llav¢

bc¢il _il)l_litd,'lhc iicl ¢fl'ecl i._ lhal lhe rtsulling

rcdi._lribulion o1" pixcls 'involves Ih¢ir spali;ii dis-

lq;l¢C'lli¢llls It)' iicw, Inor¢ J¢¢lir:ll¢, r_'l:lliVc po,_i-
lion._. Ilowtvtr, lhc radiolu¢li'i¢ v;ilucs of the dis-

pI;l¢cd pixcls IlO Ionl_t'r I_'l)rt'.'4¢lll Ih¢ I%';il world

;';ihic.,i oblaiii¢d if lhis iltW -'lllll correcl Ifix¢l arr-'iy

could b¢ rcscnsed by lilt' ._alliltr. rhtis, lh¢ brilzhl-

tlC._s v;ihie I\)r ;I pixcl sllified 100 ni |ly g¢oiil¢Iri¢:ii

r¢¢lificalioli is nol equivaltnl Io lhc sD¢¢il'i¢ r:ldi-

:iil¢c v;iliic for Ih:ll sp¢clr:ll band h) be cxpccltd

I'roln Ihis iIcw ._cc'lion of lhe grOlillll. The p;Irlitul_ir

inixlur¢ of ._urfa¢c' obj¢¢ls or ill;iltrials (l)pts and

I_roporl" 'ill) in lhc ¢l:iss assigned to the original

pix¢l h.'l.S ¢liail_¢d .'_OllltWll,:ll. Ih)wevtr, in IIIO_I

iilSl:lll,_¢._ lilt' rc,¢ordtd v;lltlc is close to the Irtl¢ Or

expected v,IIu¢ bee;lust of the high prob,lbiliiy of

I'¢;illirts in Ihe ll¢ilhborhood of Ih¢ ori_ill;ll pixd

posiliOll being similar in llilllirc' ;iild th,iratttrisli¢s.

All cslinl:ll¢ of lll_" new I_l'iglllilts.'i v:ihit, or I),'%l i._

in-'idc by sOiil¢ ili:ilh¢In;llil'al rUlililDIiil _ l¢;hniqll¢,

cfl'c¢liw, ly, :ill inlcrpolation pro¢¢dii_,. rhr¢c

rc.,i_iilipIinl _illorilhili._ (l:il_ilr¢ 11-7A4") are ¢oili-

nlonl.v ilStd ;

l. Nc;ir¢,_l ilci_llbor (A): lilt v:llli¢ of Ih¢

¢losc._l inDul pix¢l Io lh¢ corrCSl_ondin_ t_l¢

in lhc Ir;in._l'ornlcd OUll_ill ;iri;I)' i.s ;Ic¢cpltd

;is tqllal lo lh¢ iI¢W OllC;

2. Ililill¢;ir iillCrl_olalion IIIX lh¢ 3vcr;iTc inpIil

v:ihi¢ for lh¢ I'our pixcl._ ._iirroundin!: lhc

Ir;iil._l'ornled olilplil pixcl i._ ;i._si_llcd Io lh¢

IICW OI1¢;

I. ('libic convohlliOll (('): lh¢ ;IV¢_l_C v;lhlc

I'or lhc [ 0 closcsl inpill pixels tl'Ollpt, d around

;ill)' IleW pixcl i._ ,idoplcd.

I|t'¢;itlSe of Ihc incrt';isin,:z IlUlllbcr of pixcls

used hi lhe :'lali._iital c.'il¢ulalion of new values I\_r

each oiill_ill Ifix¢l, lh¢ ;i¢¢llrllty ¢)|" lhc._¢ v;lluc._ in-

crt';i._cs fronl I It lllrollgh t31. R¢.'_illIpIiill does

COluproilli.,ic lh¢ ori_illal r;idionl¢lry of Ih_" ini_ll¢

h) _OiilC ¢xi¢111. Wh¢ll alHdicd Io ;I ._lil_'l cxp;ili-

_,ioil (¢ill;ir_elll¢lll), lilt" Cubit ¢onvoluliOll Prott'-

<lii rt" l_rlllhl¢c._, ;I sli;irpcr (1¢._._ bh)¢ky) illl:il¢ wilh

I\'w¢r cd_¢ :ib|lOrlll:ililits. rh¢ rcsaillplt, d illl;i_l"

¢;ill i;ikl, till CV¢ll gl'c:llcr dcl_nilion by ;iPl_li¢alion

,)!" :i ,_'olllr-_,_:! _lr,.'!,:b. _,_:t't" p:llt' .Ill).
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Figure B-7A-C. Three resampling options.

..t.mmspheric Corrcction. The interaction of light

with atmospheric gases anti particles can prodtlce

notable variation.s m the radiance levels recorded

by a remote sensor. The.,_" interference effects are

wavelength dependent. Both Rayleigh and Mie

scattering processes give rise to an additional

radiance from the atmosphere itself that increases

the overall brightness level at shorter wavelengths.

This contribt|tes in part to the somewhat fogged

or washed-out at'q'_earance of band 4 Landsat

images, especially those taken on days of high rela-

tive humidity. The scattering decreases significant-

1.v at the wavelengths of bands 6 and 7. but absorp-

tietl by water vapor increases, anti hence attenuates

the brightness of surface features as well as sky

_,righmcss induced by scattering. Rcmov:|l of these

atmospheric effects leads to more repn2sentative

reflectance values and better quality images.

Yhis removal is accomplished in several ways.

Sol_histicated tc_:hniques rely on direct meteoro-

logical nleasurements fed into models for calctda-

ling the expecfctl atnlospllcric spcctroradianccs

under spe¢ifi,: weather conditions. This is nearly

always impractical when working with a gi,,en scene,

since contemporaneous weather data. even ifavaila-

I',le.are usually insufficient.ln a larsimpleral_proach.

tile presence of shadows (as from clouds or illotln-

rains) is used It) aPl_roximate a zero base line for

r:ldiance. The lowest brightness value (I)N} asso-

ciated with shadows in .._'ldom actually zero for

b:md 4, althottgh it may be near or at zero for band

". Sha_.[t)w-:'clatcd v:,lue_ above .,='re i'." .:::c!' b'a."J

are assumed to be introduced solely from atmos-

pheric radiance, and these are then subtracted from

all other brightness values in the scene, in practice,

the lowest value is usually determin..'d from the

histograms of brightness value distribution for each

band, whenever these are computer-produced from

the data sets. This works well in most scenes since

some cloud- or topography-related shadows are

nearly ;dways present in most terrains, but the

procedure may not be effective in flat desert scenes

or polar regions.

Solar Illumination. If images taken at different

times of the year are to be made into mosaics or

compared tbr change detection, then the effect of

seasonal changes in Sun elevation at_d azimuth

shouhl be adjusted or normalized. Several com-

puter algorithms may be applied to accomplish

this. The influence of Sun an_e on bidirectional

rellectances is a function of the cosine of that

angle. Correction is made by dividing the DN's by

the cosine of the elevation antic. The presence of

topographical slopes complicates this correction,

which assumes a flat Lambertian surface. This

procedure may also be applied to the determina-

tion of absolute reflectances, which might be

desired for referral to a reference file of standard

spectral signatures. In practice, this is seldom done

with Landsat data: more commonly, features are

identified or classified by referring to field truth

and training sites.
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E n l_ li I_c e m e n t

All iollgh |he various I_l_,'pro¢¢ssi Ig roulit_¢s

_11"I."IIt'¢¢SS;ll'y Io ¢11"¢tli%'¢ Ill;lliil_Ul;llit',ll ol'd,l[:l for

illforill;iliOll ¢\lr;i¢liOll, I[1¢ s¢%¢ral I'Olilill¢._ ¢Oll-

sidl'l'¢d bchlw lilldcr lh¢ I'un¢lioil:il lil,;idin._ of

_'l;h_illl'l'ml'llg g¢ll¢rally i_l'illg ;lllO:ll Ih_' IiiO.,iI dr;i-

Ill;lli¢ illll_l'O_;¢nlt'lll._ in Ih¢ visual r¢l_r¢s¢lll;lliOll of

Ih,'s¢ d,ila. \li'ilill" lr¢l:ds IO',vard clas._ifi¢,ilioll :ind

Ih¢in;ili¢ ,n_il_l_ilig, ;iiid niinlL'ri¢-'il ;ind sl,llisli¢:il

;lii;il),_i._ ill" bolh illl_lll ;lilll OUllllll d;ll_l, ;11¢ cvidcnl

ill ¢lllTt'lll II.,_l_t' Of i alld._al dala, lilt' rt'liall¢¢ till

illl;l_¢ry tcsp¢_'ially by _¢ologisl._ ;lllll g¢olF;llqlCrS)

rein;tin.,; :il tile ¢l, ll't' Ill' I:lllch inlcrpr¢li%¢ ill¢lhodo-

log)'. I:lih;iii¢¢d "'l_iClur¢_ " ill" Ih¢ .,ic'l'il¢,_ o1" ilil¢l%'._l

I_¢¢Oli1¢ I_OWc'rl'li[ ! oo1._ in I h¢ ,i,lal)'l i¢,11 ,il_l,l'oa¢ h¢x

li:ldilionally lisL'd ill lhcs¢ diS¢ilqin¢._...\._tlonollli._l.S,

Ior¢_1¢1"_, h)'drolo_i._l_, ;llld olh¢r_ ;llSO ¢Olllinll_,

Io ¢oiisull iin;illt'l) in vi._ii;ili,,ili_ fill" r¢l,ilioll b¢-

IW¢¢il lh¢ allqiallUlil¢li¢, II1¢11l¢ ¢las.s, or l,ibulal¢d

OUll_lil._ alld Ihch" Iocalion _illlin Ih¢ i¢al world,

"'t'_lsnlt, li¢" i!illl:iiil'l, nli, ill. I';iis i._ ,i _l-ncnil lit"

_o111¢,,_'11;11 ¢olloqlli_ii) I¢liii Ih;ll i¢1'¢1.'s _o llic < ¢1L

I_'¢ls Oll illl;i_¢ qtl,liily ill ¢;il'l')'ill_ i:ill s¢_'¢r;i[

_lw¢ii'i¢ Ol_¢l'alioll_ designed Ill illlpro%'¢ lh¢ ,il_l_¢ai "-

,111¢¢ of lh¢ ._¢¢11¢. I') pi¢al _k'l_._ ill Ih¢ cuhJil¢¢lll¢lll

iilchl_l¢ illo._l of lh¢ t_it'l_rtl_'¢s._illl ;llrt';kl) diSCll._scd

(l_alli¢lilai'ly d_'._liipiilg, iililltl_,lqi¢i'i¢ ¢orl¢clillil_,

,lild, il icqttllcd, ic'.s,lllllqilig), ,lll_l olh_'r <'_lll,lilC¢-

iI1¢ii1_ Slich :is ¢oillr:l._l S'l'l'l¢ll ,ind o1" spali,il filler-.

ill_ dL'.SCl'ill¢tl in follo_iilg i_,ilagr:llqlS. I'hl's¢ op-

liOll,il Ol_¢i'Miolls _'¢1%, iiorlli;illy ilol llt'rl\lriliCd ;11

tlo,ltlard or Ih¢ I:l,_ti,q II:ila ('enlcr b¢l'or_" I _1":'_1.

I'hii._, ill ¢arlil'i' iill,igl'ry ||lade by Ih¢ i[¢¢11"oil

I1¢:1111 I_tc-¢ol-dc, r tl:ll14.), the" iqloto prodli_-ls were

dt'_nld¢d in ._h;ill_llO_.s ;lillt d¢lail ;i1"I¢[ l,a._ill_

ililx_llgh s_'v¢nil i_o._iliv_'-n{,g;lliv¢ ll'ncnilions, lit

¢oillrasl, lhosl" lllad¢ directly ;i._ I]r_l gt'n¢raliOll

i_osilivcx l'rolll a ¢Oillplil¢r l,ip¢ ¢olll;lillilll Iho

¢ilhail_'¢d dala apl_¢:ir Io h,l_,'¢ llOl;ilqy hi,,'h¢r

rt,._ohlliOll, _.'lil, n in f:l¢l siich iiii;i_t'._ h,i_,_" Siliilq)'

rt'alizcd ;ill (he ¢larily i_l;il _;is illll¢rcnl io lh¢

origiilal dal;l bill lost in the 1:1114 I+lt_,,-.,_{ll+ >¢-

qu¢il¢¢. I'{gtle¢ II-SA is ;i _lriking ¢\aililq¢ ol ,l high

quiilil)' cnh;in¢¢In_'nl h!;'ol_,'in_ el, fended i_r¢l+l'O -

c¢._xiiig ,iild high b;iil_ll_;i._._ I'illc'nn'-:', lli;id¢ I,) Illll+¢rl

Ila)dit of I\'¢xl (;¢l'lll,llI.V. []Its Vi¢W of the _illl

Fr:in¢is¢o Ilay it'_lOil also ill;Ik¢._ rise of ,i dillt'r¢ill

coinlqil;ilil+il of I+,ind+ ,ind lilloi.'s: b% nl,ilchili!t

I+,iillt 5 +lilh ,I lt'tl lillcr ,lilti i+,in+i + ++llii 71l'l'll, ,|lid

illodif)' nl band 4 to sinllil,llt" ,I bluc baild aild pro-

.i¢¢ling ii Ihrolilh a blti¢ filicr, lilt" it|lair" iS given an

;il_lllO\ilil;il¢ iI:ilur:il ollol" I_ala'l¢¢. I'igure li-,_ll
._howx :i I'lirlht'r ¢lll;,ifg¢iil¢lll o1" lh_' _-'ill Fniil¢i._c'o

II_iy _llll,,iCt'lll., Ctlllll/tll¢l'-_¢ll_.'l';l|i,,d Ix)' IIIl.'l'l_illl_ 1%.|_

I_ailds -1, 5, :llld 7 wilh lh¢ ._ailit" ._ub._¢¢ilt' :is iill_lgcd

by Ih¢ I.ailtlsal-,_ RIIV, tsct' p. 17,_1.This iil¢rlcd

hn;il¢ w;i.s I_l'olhi¢¢ll _il lilt" 17RI.)S l);il;i ('¢nler. ,gee

;il._o I:illlr¢._ _-I,R, 4-.I(', alld 5-111 ltlr tllli_,r ¢_,alil-

pl¢s O1" "¢O._111¢!i_'" t'llllllllCt'ln¢lll.

I)l'n_il)' Slll'in I. {.)ll_, ._lnii_hlforw,lrd fill'ill ill" cn-

Ilali¢¢iilt'nl involves Ih¢ ¢onlbininl ("hllillqn!'.

IOgelhcr"t of i)N's of dil'l't'rl'nl v:ll;ii,s, wilhin ;I

st,ceil'it'll I'-'llllt', illlO ;I sillgl¢ _ahi¢, rhc dcnsily

sli¢¢ iilc'lholl work._ tlt'.sl oil si:_._k" I_:lnd ilnlll_t'_ or

digilal d_ll,I s¢ls. i'lli_ nlelho.I ix use!'ill whcn_,ver

;llly giX't'll ._tll'l';l¢¢ I'_';lltl!'¢ has a IInitlui" and tt'n_'ral-

I) i1;il'rtlx_,- Spl'¢ad of v:ilti¢+. 1"1:¢ ilcw single _,alll¢

ili;1%+ be as._ilncd SOlll¢ _I';i)" !¢v¢1 d_'nxily ftoi', ;111

;lltqiaiiuiiicric ch;ir+l¢li, r ill ;i priilhlill) disl_l;i)wd Oll

+1 IqiOlll or I'V ililal¢, with all olhc't V-'llti¢,_ ¢Olil-

Iqllcd iillO ;I .s¢¢t_lid I¢x'¢1, if ._¢x'¢nil I'¢ii111_'._ ¢ach

IizlV¢ dill'¢l't'lil (sCp:llalql'l _altlt'._ of ll1¢_1115 ;lild

.Sl_l¢;!ll.s, lh¢il s¢_¢nil ,-ray I¢v¢1 slices inlly b¢ i_l'otl -

li¢l'd, ¢;i¢h iil;il_l_iiig lilt' ._l_ili;il di._ll'illllliOil ill' iis

¢Ol'rCSl,Onl_iilg l'_',ilurt'. Nit" ill,,it, _¢1._ of ll'_l)' I¢v¢1

sii¢¢._ ill,i_, l_c' ,i.,,.,,li_ll_'d diff¢l_'lll ¢OlOl.X till ,1 di._lq,l )

t I:igur¢ II-'l). I'his ni;iy I_t" done either oll _'Ollll_til¢i'-

i_rll¢l':_,,;¢ll i¢lliiiliOll,_ or Oil ;lll;lIO_ Vi'l'._itlll,% ._11_'11;is

llll;l_t's ._¢;lillll'd If)' ;I I'V _';llllCf;I ill ;ill o1_11¢;il-

¢1¢¢I roni¢ _ySl¢lll.

t'tlillnl._l Strt, tchin I. Both a ¢,lsual _icwcr ;llld ;;;I

cM_¢rl IIl;ly easily be ¢oil'i'iilct-d I_) di_¢_l ol_i,l'_a-

lion Ih;ll allt'i'iil_ Ih¢ r;iilgL" i)l" Iighl ;Intl _l:ifk loii¢._

tlr gr;i)" It'v¢l._ hi ;lll inl;igt" till _1¢Olnl_illl'l" illl¢ra¢li%¢

display is oflt'n lh¢ single illo.,ii rc'vcalhll and iil-

I'o1111_11i_'¢ Ol_¢l',llioll I_¢l'l'ol'lllCd till lh¢ ._¢¢11_'. rhi._

Ilro¢¢.s._ of inodifying Ihl, Ional dcnsili¢.,i of ;i bl-'ick

;iiid _tllll¢ ilil;i._¢ (Oil ,1 i'V scrt'¢ll of oil lqlOlO -

glalql,_l i._ call¢d ¢oiill'asl ._lr_'l¢lung (i:iglilt" 11-I t):\-

(')...\s carried Olll cnlir¢ly ill a i_holtl-d;irkrtlOlll, Ih¢

plO¢c'._._ iil%ok'¢._ I¢¢hniqlit's lhal ._hifl Ihl' 7;iiilnl;i

i._hip¢l or l'ihii I[;illSl¢r Ililll'liOll o1' lht" Iqtll o(

tl¢nsil_ vcrsiis _,\l_OSllrl ' Ill-II ¢lll"i'c'l. I'his is

!_lOllpl, i ;il_olil I_) ch;lilltill_ Ollt" of illOl't" v;iriaibl¢._

ill Ih¢ IqlOlogralqli¢ i_rtlct'._._, ;is for ¢\',lnllq¢, Ih¢

I'L'_'tlitiili_ I]tin._. ticvt'iOl,¢r, p,ll_t'r ¢Olilr;I,_l, t'l¢.
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Figure B_A. Enhanced Landsat subscene (February 1979) of San Francisco Bay.

ORIGINAl; PAQE

COLOR PHOTOGRAPH
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ORIGINAC PA-G-'_
COLOR PHOTOGRAPH

Figure B-8B. Enhanced Landsat subscene of the San Franmsco Bay area. made bv merging the September 5, 1975, MSS color

composite _bands 4. S. and 7) with the August 8. 1978, RBV panchromatic image.
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Figure B-9. A typical
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Frequently the result is a sharper, more pleasing
picture, but certain information or expression in
the scene may be lost in the trade-off if some

lfigher or lower gray levels are "overdfiven" into
states that are too dark or too light.

Contrast stretching by computer is a routine

operation, although some user skill is needed in

selecting the specific techniques and new range

limits applied to the stretch. For Landsat data, the
DN range for each band in the entire scene or a

subset is calculated and displayed in a table or a
histogram. Frequently, the histogram distribution
will be unimodal and Gaussian. Multimodal dis-

tributions (most commonly, bimodal) can result if
a scene contains two or more dominant classes

with distinctly different ranges of reflectance. For

example, a region containing mostly forest cover
and farmland would give rise to a Gaussian distri-

bution of brightness, but if there were also nu-

merous clear lakes (or playas), these features would

produce "spikes" (peaks) in the histogram at low

(high) values. Upper and lower limits of brightness
values typically lie within only a part (30 to 60

percent) of the total available range. Furthermore,
most values lie even further within this range. The

few falling outside 1 or 2 standard deviations may
usually be discarded (histogram trimming) without
serious loss of prime data. This trimming allows the
new, narrower limits to undergo even greater ex-

pansion to the full scale (0-255 for most Landsat

image displays and film recorders). Linear expan-
sion of the DN's into this full scale is a common

LINEAR CONTRAST STRETCH

OUTPUT

IN1 ENSITY

ol
436

option (Fi-,ures B-I I A and B). When the full scale

is matched with the widest range of densities (gray

levels) inherent to the TV monitor (or output

f'dm), a significant broadening of contrast will
occur. Care should be taken to hold the stretch to

the straight line segment of the gray level dynamic

range.
Other stretching functions are available for

special purposes (Figure B-1 IC). These are mostly
nonlinear functions that affect the precise redis-
tribution of densities in different ways, such, that

some experimentation-with any. one may be
required to optimize the result. These stretches are

best made on an interactive display so that one
can visually assess improvements and further ad-

just by trial and error. Commonly used nonlinear
stretches include the following: (I) Piecewise

Linear (Figure B-I 1D); (2) Gau_ian: (3) Logarith-

mic; (4) Ramp Cumulative Distribution Function:
and (5) Probability Distribution Function. These

stretches tend to favorably expand some parts of
the DN range at the expense of other parts (l_to-

gram equilization). If, for instance, most of the
radiance variation has occurrred over the lewer

range of brightness, these DN values may be selec-

tively extended in greater proportion to higher

(brighter) values.
Spatial Filtering. The enhancement techniques
considered so far handle the data from each pixel

independently of those from other pixels. However,

the relations between neighboring pixel values may

also be used in image enhancement. For example,

LINEAR STRETCH WiTH SATURATION NON-UNEAR STRETCH

OUTPUT B OUTPUT C

INTENSITY iNTENSiTY

,L,p*_ T

INTENSITY

255 ...... 7_

0 MIN MAX _ fl_PUT

INIENSITY

Figure B-10A-C. Three typicalcontrast-stretchfunctions.

J !
0 MIN 'MAX 255

L
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an "'edge" in an image is an abrupt change in value

between two neighboring pixcls. These boundary

discontinuities may be sharpened by a spatial filter-

ing technique commonly referred to as "'edge
enhance111ent".

Tile overall illumination of a scene will mani-

lest itself as a slow change in pixel values over the

entire image. This relation may be expressed in

terms of "'spatial fiequencies.'" Tile spatial fie-

quency is defined as tile number of cycles of
change in image value per unit distance (e.g., 10

cycles/ram) alo ,g a particular direction in the

image. An image with only one spatial frequency
consists of equally spaced stripes (for instance, a
"'blank" TV screen with the set turned on has

horizontal stripes; this corresponds to zero fre-

tlucqcy in the horizontal direction and a higit spa-
tial frequency in the vertical).

A B

Figure B-11A D.

C D

Example of contrast stretched ima:;os: A. "R.,w" {unstret'd_,¢d); B. Linear stretch; C. Nonlinear;

D. Piecewise linear.
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In general, allimages of any practicalinterest

consist of several dominant spatial frequencies.

occurring simultaneously. Clearly. fine detail in an

image involves a larger numb_'r of changes per unit

distance than the gross image l_,atures. The mathe-

matical technklue for separating an image into its

various spatial frequency components is called

Fourier Analysis. A quantitative discussion of

Pot, tier Analysis is beyond the scope of this review:

we shall only consider the application of Fourier

Analysis to image enhancement.

After an image is separated into its component

spatial frequencies (resulting in a "'Fourier Trans-

I\mlf' of the image'k it is possible to emphasize

certain groups (or "'bands'"_ of frequencies relative

to others and recom6ine the spatial freqt,encies to

produce an enhanced image. Algorithms to per-

t'orm such enhancement are called "'filters" because

they suppress for deetnphasize] certain frequencies

:rod pass (or emphasize) others. Filters that pass

high frequencies, and. hence, emphasize fine detail

and edges, are called highp:lss filters. Lowpass fil-

ters. which suppress high frequencies, are useful in

"smoothing" an image with a "'salt and pepper" ap-

pea ra DcL.'.

While the operation of spatial filtersis con-

veniently described through the concept of Fourier

Analysis. their imp[enlentation does not have to be

through the Fourier Transform. "'Convolution Fil-

tering'" is an eqt, ivalcnt method of bnplementing

spatial filters. An especially simple particular case

of this is a Iowpass filter that generates moving

averages over. say, 5 X 5 pixcl square areas. Each

pixel value in the image is replaced by the average

over such a square area centered on that pixel. This

tends to retltlcc deviations from local average :rod.

hence, to smooth the im:)gc. A highpass filter' is

:mnply derived from this. The diflZ'rencc between

the input image and the lowpass filtered image is

the "" ' ""hL..hpa.s+s filtered output.

Generally. spatially filtered images arc contrast

stretched to t=tilize the full range of image display

(or recording) devices. With hi.2hpass filtering.

bou,ldari,.'s such as t'aml borders, section lines.

roads, strcams, and rock strata and joilltS are

brot,ght into sharper tbrms (giving the imprem.;ion

af improved resolutionL Fdge ellhancellletlt Call be

p:,rtict, larly cye-catchin.,2 lbr a terrain t, nderlain by

highly ioitttcd rock strata in vegetation-sparse

r'gions, as ,:xe:,H, liti..'-! !"3" th,." .:tll.,im-tg,. ,,,f t!'e

Coconmo Plateau in northern Arizona (Figure

B-12A) processed by the .let Propulsion Labora-

tory. A feeling of quasi-relief (somewhat "akin to

airbrush shadily.,) can arise when viewing a topo-

graplfically ruled region depicted in a spatially

enhanced image. (Figure B-I 2B).

Ratioing. Still another method for image enhanc_

men( has been widely used by geologists because

of its great utility in analyzing the spectral aspects

of certain types of ground features. This is the

rath_ing of brightness values (BV) of corresponding

pixels in any two bands. The DN of any one band

pixel is simply divided by the DN of the equivalent

pixel for any other band. The resulting quotient is

a new number that can theoretically range between

zero and infinity but in practice lies between about

0.3 and 3. or less. lbr the different combinations of

band ratios. For the Landsat MSS a total of six

ratios (4/5; 4/6; 4/7; 5/6; 5/7; 6/77 and their recip-

roc:ds are possible. From each ratio an image may be

formed point by point from the pixel quotients in

much the same way that an individual band image

is produced by assigning gray levels to the DN's.

Because of the narrower range of quotient values

with respect to brightness values, these ratio num-

bers are usually expanded to some preset limit.

st, oh as the full scale of O to 255. It is then possible

to combine any three ratio images in a color ratio

composite by passing the individuad ratio images as

inputs throu_! red. ,2_en. and blue Eiters.

Ratio images have two important properties

not evident in the individual band images. First.

strong differences in the intensities of the spectral

response (signature) curves of different features

may be accentuated by certain combinations of

bands. Two examples here will ilinstrate this. in

the first example, consider two distinctly different

surface tL'atures, natural vegetation and camou-

flage netting, both of which may be predominantly

green in the visible range, ltowever, vegetation is

distinctly bri_lter in the reflected int'rared re, on

(band 77 and shows low reflectances in the red

(band 5) owing to chlorophyll absorption. A ratio

of 7 to 5 will produce a notably higher value

(steeper slope of the line joining the nfidpoints of

the bars representing the 7 and 5 band radiance

values) tbr the vegetation than the artificial material

(characterized by lower band 7 and probably

sn,,,.wt, a, !:isher band 5 v-lue-_k TI:e difl\'rence in
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Figure B-12A. Bandpass filtered (edge-enhanced) image of

terrain in central Arizona in which linearfeatures are empha-

sized. (Produced by Image Processing Laboratory of the Jet

Propulsion Laboratory.)

Figure B-12B, Edge-enhanced and contrast-stretched Land-

sat band 7 image of part of western Nevada (north of Reno)

which strongly emphasizes the relief of the mountains.

(Produced by Center for Astrogeology, U.S. Geological

Survey.)

Ir

ratio values for the two feature types would be

smaller for the 7 to 4 pairing because (at both are

green and (b) 4 and 7 values tend to rise together

for vegetation. In the second example, consider a
terrain containing scattered red soils or iron-rich

(red to yellow) alteration products associated with

mineralization. By ratioing bands 5 to 4 (red to
green), this color difference from surrounding, less
red, surfaces will be emphasized. This is demon-

strated in FLmare B-13, in which many of the light
tones in the 5/4 ratio black and white image

correspond to both reddish soil and rock units and
to similar-colored alteration around the Gas Hills

uranium district of Wyoming.

Second. ratios can remove differences in

reflectance from surfaces composed of the same

features brought about by topo_aphical variations,

shadowing, or seasonal changes in irradiance (sun-

light intensity) levels (Figure B-14). If a rock sur-
face is made up of a Sun-lacing and a back slope

(as along a ridge aligned normal to solar azimuth).
the percentage reflectance or aibedo will be re.
d,aced on the latter side. This reduction will. how-

ever, be proportionate in each band. Therefore,

when the higher values for the more strongly ilh,-
minated slope in any two bands are ratioed, the

quotient will be essentially the same as obtained
for the ratio of vaiues for the more shaded slope.

The ratio is thus independent of irradiance at any

instant, and becomes diagnostic of the particular

feature or surface unit. Ratio images tend to
smooth out intrinsic tonal contrasts related to

topography, and appear at first glance to be with-
out the details and variations in form so important

to feature recognition in multiband or panchroma-

t.;c hnagcs. Ratio images are, in effect, maps diz-

playing the degree of atttocorrelation or redun-
dancy between MSS bands for the Earth terrain
features sensed.

Two features _ith similar reflectance levels in

one band may not be distinguishable (except by
shapes) unless they sho_ large reflectance differ-
ences in another band. A band ratio can accentuate

these differences and is. in a sense, one way that
features can be arranged in different classes, ltow-
ever, ratios eliminate the valuable distinction af-

439



ORIGINAL PAGE

BLACK AND WHITE PHOTOGRAIIINI

Figure B-13. Ratio image, MSS 5.'MSS .1 of uranium-producing areasat the Gas Hills,Wy. Lighter tones usually
associatedwith iron-richrocksandalterationzones.

forded hy albedo. Two unrelated ,natedals with
differc,_t reflectaqce values in two bands could

give rise to the same ratio le.g.. A = 2015). 30t7)
anti 13 = 40(5). 60(7). so that 5,'7 for A and B is

20...'30 = 0.67 and 40/(_0 = 0.(_7). By combining

ratio im:lges with a single hand image (which con-
rains albedo informationl, a /t.vhrid color com-

posite is prodtlced with some of the distingt|ishing
characteristics of both image types.

Data Transfimlmtions. The I)N data for any spec-

tral t\'att:re are usually plotted Oil multidinlension-

al axes that represent the potential range of inten-
sities (brightnessl recorded lbr each channel (band)

of a mtdtispectral scanner, thus. for nudtispectra _

scanner data. these axes are quantified by the full

range of values for each channel. The axes may be
designated bv the cll;.lt'lnel _vavcicngtils lUsttaii.v

the tnidpoint valt,e Ibr a spectral interval). These

data normally scatter about tIteir means in a broad-

ly elliptical distribt|tion in the two-dimensional
<two axis) case. This spread of data. or variance.

may be regarded loosely as an indication of" the
quantity of information along any arbitrary line

passing through the center of the elliptical scatter
plot. The initial measurement axes are not neces-

sarily the best arrangement in multivaria;.e space
for expressing data variations and. hence, optimizing

information content. The strategy is to find. by a

prescribed procedur,.', a mathematical transforma-
lion lin effect, an axis rotation and translation)

that redistributes all DN values with respect to a
new set of axes. Each such axis will define a new

dimension of h]formation. One general procedure
by which this transformation is executeJ is called

t:ri,_cipal ('ol|lpollcllt ..\m,t._-is _PCA'_. In ordc_ to
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EFFECTS OF RATIOING

D
BV = BRIGHTNESS VALUE

SUN

BAND 4 BAND 4/5 BAND

IBV) (BV) RATIO

SLOPE FACING SUN

UNIT A 20 ZS .80
UNIT B 30 40 .75

SLOPE FACING AWAY FROM SUN

UNIT A 16 20 .80
UNIT B 24 32 .75

UNIT C 32 49 .80

A

B

C

Figure B-14. influence of slopes on ratio values.

gain some understanding of the mathematical basis
of the PCA method, a summary 4 of tile concepts

and operations involved is provided in tile next six

paragraphs.

Consider tile simplest cas_ in which tile data

consist of measurements of two variables x t and
x 2 (for example, !eriCh and width; in remote sen-
_ing, observed p/xel radiances for two spectral

bands). A plot of a set of bivariate measul'ements
can be presented in a scatter diagram (Figure

B-I 5A). Such a dia_am shows how the two meas-

urements are correlated. Numerical description of
correlation comes from elementary statistics where
"'covariance matrices °" are defined. Tile variance of

a single variable measures the spread of its measure-
ments about the mean; the covariance of two

variables is a measure of the joint variation of their

4Adapted from Davis. J.C., Statistics an.d Dam Analysis in Geolo_r.

3. _,Vi'c_ _ld Son_. lac.. New _'ork. _50 p_. 197_.

values about the respective means (see p. 422). The
covariance matrix, S, of two variables is written as:

1| 2

S;
$21 $22_]

where s_l and s_2 are variances of variables x t

and x: respectively and s: (= S21) is their co-
variance. With p variables, of course, S would be a

p X p matrix (such a matrix is always symmetric
about its main diagonal).

The covariance matrix S defines a set of con-

centric ellipsoids about the mean (Figure B-15A).

If the mean is adjusted to zero (Figure B-15B), it is
easy to imagine rotating the axes so that the fin-st
axis is coincident with the maximum amount of

variation in tile scattered data points (Figure
B-15C). This axis is the first component and its

variance is symbolized by )'it"
Tile major and minor axes of an ellipsoid are

cal_cd tkc P_ncipal Components. The "¢cctors a,

441



OF POOR QUALITY

which project the observations onto the principal

components, are called eigenvectors (eigen, in
German, means "characteristic"). If there are p

linearly independent variables (e.g., spectral bands),
then a set of p eigenvectors form a p × p matrix A
such that A = ,_ S A, where r( is the transpose of

A, S is the p X p covariance matrix, and A is a
p X p diagonal covariance matrix whose elements

;_ii, called eigenvalues, are the variances of the it"

principal components, i = 1 to p. The X.. are all
tl

equal to zero and therefore can be ignored. For

any givet_ p X p covariance matrix, the maximum
number of non-zero eigenvalues is p, and there are,

at most, p eigenvectors as well. For a 4-band case,

"hyperellipsoids" in higher dimensions are harder
to imagine; however, the algebra extends, principal

axes exist, their orientations are determined by the

eigenvectors and their ma.maitudes by eigenvalues.

The original measurements (xl, x2 in our
two-dimensional example) can be projected onto

the eigenvectors or the principal axes to get a new

set of values (say, Yt' Y2 )" These are "pseudo-
measurements" which are linear combinations of

these measurements. They comprise the principal

components. In general, if a partictdar observation

(e.g., pixel radiances) results in values xx, x2,....
x for the original variables, the principal com-

P

ponents can be written as: Yi = air x_ + ai2 x: +
• ..a x where i can take on values 1 throughp.

tp p

x2

I,I2
• :..i,%:

.'.-..)':.:

X2

For the two-dimensional case, Yi = all xl -1-a22

x 2 ;nd Y2 = a_t x t + a2= x2. The coefficients,
all, ai2, etc., are the "elements" of the eigenvec-
tors. They are also called "loadings." The y's are

sometimes called the "scores." The principal com-
ponents have variances equal to the corresponding
eigenv'alues.

If the variables on which the original observa-
tions are taken are highly correlated, most of the
variation will be concentrated in the first few ccm-

ponents. If, say, 90 ,'ercent of the variation is

found in the f'wst two mmponents, then little in-
formation is lost by ignoring components 3 through

p. This allows the investigator to reduce the num-
ber of dimensions, allowing him to better under-

stand the patterns while losing a minimum of in-
formation.

A useful parameter characterizing a set of
measurements is the variance of each measurement

expressed as a percentage of the total variance. For

the original set of measurements, the percentages

are i00 s_l /Z 2 2 2sii, 100 s22/E sii , and sc on.
When data are scattered, as in Figure B-15A, the

percentage variances def'med above are approxi-
mately equal. However, if we derive the covariance

matrix for the principal components Yi' the per-

centage variances are 100 X!/_- ki, 100 k2/Z _'i"
etc. For the example given in Figure B-15A, these

new variances will be significantly different. It is

..,•. + .

;i:::i::i.." :

:it.::
x;

Xl Xl

S
C1

"° • .
.--_. . : •

A B C

Figure 8-15. Diagrams explaining rationale of PrincipalComponenL_Analysis(PCAI. A. Scatter plot of data points

collected on two variablesXI and X2, with means/JI and/J2; B. The new coordinatesystemfound by shifting the
P

axes to an X' system. Values for the new data points are found by the transformrelationsXt = X i -,/JI and X2 =
X 2 -/J:; C. The X' axissystemis rotated about its origin (/Jr"P2 in the originalsystem).sothat the O_c2 isa maxi-
mum. Sinca PC 2 mu_t be oeroendicular to PC l , and rhv.re ar_ nnly twn dimensions. PC 2 i_ flxPd. The, PC 0xes are the

PrincipalComponen'_of this two-dimensionalspace.
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customaryto orderthe principal_.omponentsin
the descendingorder of Age,lvalues. Since, in

practice, most of the variance now resides in the
first component, much less will be in the second

component, and so lbrth.
Following this "crash course" in the concept

of principal components, you may now better

appreciate the utility of FCA in tile processing
of renlotc sensing data. For the kandsat MSS case

(four bands or dimensions), the first, second, third,
and |burth principal components contahl succes-

sively less information (the first component usually
contains about 85 to 90 percent and the fourth 1

to 2 percent, mostly noise contribution). Each
component, however, contains inputs from all

bands used. The precise linear transformations to

be applied depend on the covariance matrix,
calculated from the original data set.

The eigenvalue of each translbrmed data point
(a pixel site. containhlg 4 values of x ret;resented

by the DN for each MSS band) call be used to

prodt,cc a black and white inuzge. An image for

each principal conlp.onent (4. for Landsat MSS
data) can be produced. The first component image

(containing most of the variance, combined from
all 4 bands) most nearly resembles a standard

Iandsat image and. in fact. roughly approximates

an albctlo image covering the spectral interval from
0.5 to 1.1 ,urn. Second and third componcllt images

show quite tliflk'rent ,.'.gray tone patterns and tile

fourth component inlage tends to be dominated by
noise with little recognizable pattern, unlike

contrast enhancenlent or band ratioing, ascribing a

phcnomcnological attribute to an individual tar-
get or gr:y tone pattern is more difficult because
the Ioadings that went into producing a given

component depend on tile total scene content

rather than the contribution of individual classes

making up the target,'pattern.

These component iJ,mges ,:an be super-

imposed through color filters Ior TV color guns) in
much the same way as for band ratios to produce

distinctive color composites. These bear strong

pattern resemblances ,o standard 3-band color

composites, but show many w :.e subtle differences
(color shading mad distribution) that more effec-

tively discriminate real variations among features-
as weil as defining new features on the surface.

'mFressive image displays of transformed data

frequently result from areas dominated by soils
and rock units (geological scenes). In Figure B-16,

each of tile aircraft scanner images made from the
first, second, third, and fourth principa! com-

ponents, r2spectively, reveals patterns of light to
dark tones that correlate closely with different

rock and alteration types exposed at the surface
in this mineralized area near Medford, Utah (see

also Figure 9-28). Examples of principal component

images made from Landsat data for a heavily
vet,:tated scene around Harr._sburg, Pa.. were in-

cluded in Activity 5 (see Figures 5-15 :_nd 5-16).
Specific calculations of principal components for
tills scene are carried out on pp. 173-175).

The discussion above rel\'rs to one transfor-

mation technique, called Principal Components
Analysis. which uses data from all features in all

bands without regard to a priori knowledge of fea-
ture identities. A second transfGrmation technique.

called Canonical Analysis. employs user-supplied

identity ol certain fcaq_res or categories (that is.
depends _;n gound trnth or coml;uter-aided classi-
fication). The statistics characterizing each feature

are determined, and from these an appropriat,"

n, athemaiical manipulation optimizes separability.

Mathematically. the method produces a set of
transformed variables based on maximizing tl:e

among-category covariance matrix and minimizing
the within-category covariance matrix.
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OF POOR QUALITY

Classification

Many applications dependent upon Landsat
data require that the ground features of interest be

located, identified, grouped into useful categories,
and separated from extraneous objects within the

scene. This requires definition of discrete classes on

the basis of their spectral signatures and/or charac-
teristics shapes and contextual relations. The general

approach forms the basis of pattern recognition- an

automated intelligence technique originally devel-

oped by the military for determining attack targets
or defense positions and based on principles and

methods that have been readi/y extrapolated to
civilian remote sensing and to such special applica-

tions as fingerprint identification and automated

reading of zip codes. As now adapted to Landsat

data analysis, the recognition of land cover types or
categories is accomplished mainly by multispectrai
classification.

Principles of Classification. The basis for classifica-

tion of cover types is the correlation of different
categories of interest with statistically separable

groups of data as defined by their spectral proper-

ties in multidimensional space. The charts in Figure
13-17 illustrate how this is done. In the upper left

chart, spectral signatures for three common cover
types are plotted from 0.4 to 14.0 /am, which

includes the reflectance and emittance wavelength

regions sensed by the MSS on Landsat-3. These
curves show distinct differences in response (inten-
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| 1 l] \ ...... WATERx 3 l
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spreads, a,_d decision boundaries in classification (modified from Landgrebe. 1971).
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sit.vl :it m,in.v tbut not .'dll discrete wav¢lCt_gth_.

('OllSjtiCr the' r¢spoti_u" %:lhl¢,_ for ¢:lcll cover l.Vl_¢ :ll

w:tvtgt'ngths '_l" '_:" '_.+" In this t'X:lllll'tjt '. the lhrt't'

cover lyl+cs c:ln I+¢sl be s¢l+ar:llCd by v+lhl¢ tlil'l\'r-

¢n,,'¢_ :it ,_,, sonlcwll:lt less _o at '_u" and I¢:ist :it

'_3' II is con,.'eiv,lbl¢ lh;,ll ,,4ollW IIIII1:llllt'tl t'oilrth

,.'ovt, r l.Vl'_¢ IIl:ly II_.IV¢ :1 rt'sl_olls¢ %';lIlle dl '_l " silllil:lr

to ,:,nit of the thi_'_" types showtl, ;Ind might ever1 be

smiilar _l_:lixl ,11 ,_,. II could Ihcr¢l'orc be toni'used

wilh one of IIw liirck' I_ioll¢d I.Vl_¢S. IIow_',,'L'r, lh¢

likelihood of Ihis sinlil,trHy x'¢¢urrin_ al sonic Ihird

wav¢l¢iiglh would bc inu¢h less il" lh¢ l'ourlh lyl_L"

were hld¢Cd tliffcrcnl.

In IhL" lipl_¢r righl ch_lxl of I:igurc I{-I 7, Ihc

_r:llql ill IWo-dilllt'llsion:.ll {.ll'. )1 sl'_:l_.'l." of Ih¢ X
I

%k'I'SIlS _, l'¢_Jltlll,'4t" X':lJtlqsOf the lJll'¢t'co%'¢r I)'p¢,_

<l¢:H'ly shoxvs their scpar:dqlity ;rod distinctiveness.

I'hc si,l_:ii':iIiOlldiM:iIl¢¢s bcqOlllC ]_"_swh¢ll ¢ilhcr

'_i or _, v:ducs arc ploltcd wilh respect to tllc less

_at'icd '_3 values. Any I\_urlh cover lypc could bc

near any one of the three identified tyl_cs for either

._ vt'i._us,_, or ,_, versus ,_._bul. i!'of :idiI'fercnl

n,ltur,', wiII'proI_:ibly occupy an isoI,_"_'k"_i--_,._ition

I11 Ihre¢-diluensional t,_ I ,_, - ,_31 space. I!ach

dislin¢l chi,nlcr of iqoll¢d i_oiill_ iil nlullidiincn-

_ional spat( tlow¢i'" 1¢1"1 ;iild righl) conslilui¢,_ a

_p¢clrally scp;irablc' _'/d._x. I:or r¢_ll I'¢_lllll't'_ of IIn-

r¢l:llcd ch,ir;i<l¢l', ufl'i<icIH _Cl_,ir,ibilil) Ill,i) Iw

,i(hicvcd b) .samplill_ al ,i nlininluii_ o1" (%vo, blil

nlort" c'Olllllltlnl)' lhl't'c', follr, or five W_IV¢I¢II_III_

or wa;¢lcn_lh inlci'v_il,_ Ibandsi. l'hc nliiubcr and

idcnlily of _vav¢lcn_lh,_ or I_inds lhal afford Ih¢

hem sCp_ll;ilioil dcp¢ild on Ih¢ (haraclcri,sli¢ spcc-

lr_il _i_ll_llllt't" of o_ich di_liil¢l I'_';illll'¢ or ql;l_

different ¢olnl_inalion._ of I_ands Ii1{i.%' bt" n¢¢dqd for

dill'crcnl ql;issc._. Wilhin ;1 _¢ncr',il class, _i)' re,el,i-

lion, dil'l'¢rc'ul(¢._ ;lllltlll_ sllb¢l_lsSc'._ {1'o1" ¢\;lilll_lc,

_lic_ll. b_irl¢), rye. o_ilsi may be nlu¢h siilallcr but

_iill Inqasiir:lbl¢ with precise, scnsiliv¢ inMrliillc'ills

,llld or Ii;irrowcr b;llld widths.

l'h¢ I;isk of _cp;ir;lliOn I'¢_oili¢_ _olnc',,vh;ll

illor¢ ¢OllllqiC;ilt'd ;is inullilq¢ nl¢ii,_ill¢lilqillt ;Ir_"

iii,id¢ of lh¢ _;i111¢ I'¢,llili%" or ¢1,i._._ di._lriblllt'd ;11

dil'l'¢rcnl field Io(;lliOns. In the louver I¢fl oh;ill tll"

I:igur¢ I1-1 " i¢lqi¢;it¢ illt';i,,,Ul'¢lllCnl_ of lhr¢¢ crop

I) I'CS arc ploltcd. ,% :4¢;lllqr of _.;iJiit'_ i_ lylqC-'il of

c,iqh, l'his M¢il_ froill il;ilUl_il v;iri;iliOll._ ,InlOlll

indi_idu;il objects iil ;i class, difit'r¢llccs ill b;ick-

.',l,)ll Illl. Ct'i,l_,tlt i,I i itlil tl i" SCVCIai Illlrt'%ol%'cd classes

i ltl¢ illi\ l_robl¢in, 1_, _3 l, _¢ilsor Illiclti:ilion_, ,ind

other l]ictol_. ?ill ;Ivc'ra_t" valiil.' I'or the plotte d

Posilion may bc ¢,llCulalCd for ¢:1¢h ¢ovl,'r lyl'_¢

lsCt' lower righl chart of Fill, ire B-I 7). Olhcr vall, l_

l¢lld lol'hl._h'r arotlnd t':lcjl Ill12:111. Wht, I1 Considered

_lalislic:llly :1_ Part of :1 multiv:lri-'ll¢ I'toPul:llioxi,

each lyP¢ is a_so¢ialCd wilh :l CharaCteristiC IIlI.'_111

and vari:ln¢¢ (or Maxldard dt'vi:lliolll. Various sla-

lisliCal tCsl_ arc ,Iv:lil:ibl¢ to Cslablish qu:intit:itiv¢ly

Ih:ll Iht" _¢vCral data ¢lti_tt'r_ nIt'el siBIlil]¢allt dif

ft'r_n¢¢ criteria, lh:ll is Io s:l.v, b_loil_ to dil'l_'r_nt

¢lasst's. l"hu_, _t'l'_,lr-'lbility crilCri_l :lr_ _P¢cifiCd. arid

decision boundaries (derived fronl discrinlinant

fun¢lions and shown as dividinl lines in Iht" lower

ri_hl charl) ar_" s¢l tip b¢lW¢¢ll classes. V:lrious

cAIss{tlcrs lll_ly be" t'llil_lo)'cd Io tlclc'rnlill¢ and va-

lid;tic SCl_:irabilily. Aillont the moll frcgut'nlly lis_'d

It'¢hniqucs :ire Ilaycsi:in iuelhods (such as M:ixi-

nlllnl Likclihot_d), Nc':ll'k'8l Neighbor. Picccwisc

l,incar, :ind die I_arallcl¢t_ipcd classil'ie_. The choice

of :1 particul:ir cl:lssil]¢r or decision rule dcpcnd._

Io SOlll0 t'xlc'nl Oil Ih¢ iliililrt" of Ih¢ inplll dlll:l _ind

Ilie tlt'sirt'd oulpul (l'ai;Ic Ii-]l.

TylleS of Cl:ikt_il]e:ilion. Multivariate ¢l:issil]ealit_n

iil:ly be" i_¢l'l\_rillt'd by ¢ilht'r of I%vo lllt'lhod,_" llll-

SUl_Cl'viscd ;llld supcrvi,_cd.

In _111lllislllll'l'rl._'¢'l# cla._silT¢:ilion II;ilurt" Ii-

I,_.,\). idcnlilW.s ill cal¢_ori¢l or l'ovt'r l.Vl_t's 1o bt"

Sl_¢cificd as ¢l:i._st's withhl a ,s¢¢ilt' :ll'c" nol _¢11¢ra11)'

kno%vn d l)/'/()rl, bc¢;ius¢ ;il_ltroprial¢ _roli:'d Irulll is

I_ickill_ or .slirfact' f¢:illlrcs wilhill lh:ll sct'nt" art" llOl

Well d¢fincd. rh¢ ¢olni_111¢I" is i._l_,',it,, t.--_-.--"7_iOi/

I¢luslCr) Pixcl tl:ll:l inlo difl't'rCnl spq¢li'al ¢l:l._sCs

dislingui,_h:lble il¢¢ordinl Io sonic sl:llisli_-:llly

d¢lcrnlint'd St'l_iir:il_ilil )' criterion. For LalldSiil dlila.

lhcs¢ clu.M¢rs art" u._uiilly di.Mribult'll ill four-dinlcn-

sioniil spcclrlil sillier • Illiintl_ 4-7)..-_lil)' illdi_.'idulil

illlkllOWll i_oint (pi\¢l) , Isc¢ lower charts in

Figure I1-171 will occur SOlucWht're in Iliis ._p:lCe. The

i_oinl is Icsl¢d b)" the ._ain¢ S¢l_:lrabilily crilerion to

d¢lcrnlin¢ wllt'lhcr it falls wilhin a clLIsIcr and

lh¢r¢l'or¢ It, long.s to ihc Islill IiiIknown)class

tl¢l_ncd by lhal cluslt'r. II" so. ii is .'is_i_ned Ill lh:il

class. If nol, il i,_ :lSsilncd Io Ih:il. or :inolht'r class.

,i_ dc'lt'rlnint'd by ,4o111l, dccision rule" /t'._.. N¢:ir¢_l

_¢i,zhl_or). rhu,s, cvt, ry dala i_oinl will be idcnlificd

wilh oilt' of l_lt" St'l_ar:ilqc ¢la.sst's, t'lt'n if lh_ll poinl

',lClU.'i!l)' rt'l_rt'st'lli._ dil unr¢¢o_lliTt'd _;ovt'r I)p_'.

_allil':il ¢1_i._._ llaill¢._ miisl Ih¢ll bt" givt'n Io ih¢._¢

spt'¢Ir,li cla._._L'.n b% a.sso¢i_iling lht' I:lttt'r xvilh ch:ir-
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Table B-2

A Partial List of Classification Methods*

ClassdJc.illnn Method C.ite!lo..'al_on I Cate qolizallon

Bares Sultry:sod Parametric

M,l_mlum L,kehhc_._d Su pervl_ed Paramelric

K Nearest Nmqi_bor Supewz_f Nonparametri¢

Ptolotype S||pe¢_/ist_f Nonpar an_lltt Ic

Lllll',lr S U| )I' rl/I ._L_'tf Non|l.)fanll,| f ic

PIIEt_WISI_ Lilll, a! St ipt_l_ ISle| Nllll p,)I al|_l|?t I IC

L]uadtatlc ,ll_l| fti_lhew SLipervlsed ,_onp,ll.lnll.lt" IC

Order Polvl_omlal

I',lustPr In_l

|)l,n $iIy _,|_k_| Ul_upel_/Isl._,| Parametric

Clu_h, rln_l

Clustt_r(n(l

Table Look Up 9oth ._th

J_Xfr_IC_tlon .Ind _Jolh Patanlelrlc

Classl|iC.l{ioll of HOnlO-

!_m_)US Ohlt_:tS {ECHO)

Law, r_t

Coi11111ents

Mmimize_ "average risk" of misclassification. Requires knowlege o!

a priori prol_lbilities of occurrence of each class.

Minimizes average risk of mirclassification when the probabilities of

_._-'Currence of each class are equal. When the conditional density

functions are assumed Gau_ian, this is a quadratic classifier used.

for example, in IDIMS,

Finds class a_i.qnment_ of K nearest neighbor1 and puts given sam,

pies in the m_qorify class,

Represents each class by a prototype and assigns a point to nearest

protoW¢_e (e.g.. minimum distance classifier used in ORSE R).

Linear classifier is a general term to encompass techniques which

use linear surfaces (hyperplanes) to separate classes. There are

_meral iterative methods for deriving such hyl,_erplanes.

Th=s is a generalization of linear classifiers. Useful when the classes

are not separable by hyperplanes (either pairwise or individually

from all uther classes). The Parallelepipe(f Classifier is a particular

C,1._ OI this method.

l/s_, higher order surfaces for set_arating clasps. The surfaces can be

Iound u_inq the same methods as for the Linear Classilier by suitable

enlar!lement of the tealure ve_tnrs.

ThI'H' ,)rP _;l'veral mrthods _,1_1i¢h USl _ dlst,'mCP mPasi)rP$ In qn)llp

data into clusters. These are iterative methods and vary shghtly

from eac_ other in the details of handling, initiation, and updating

I,)t ¢_lS|t?lS.

Assuming form of probability densirv functions, find cl,ster assign-

ments such that a measute of uw.,rlap is minimized.

Approximate multivariate dcnsi'.V h V sample histograms or sonm

oihl_r SmOOth functiOnS and seek their local nlaxiilla (nlot_$J.

Can be used to implement any decisi,,n rule obtained from any

r'lass_ficatlon method,

Spalial Cla_ifier (as opposed to "_._r pixel"). Finds homogeneous

spatial areas and then clatsifi_l, all pixell in each such area into one

class.

I.herarchicai (decisinn tree) approach permitting _.dection Of lea-

lures, cl_ and clamfication inethod at each "node" (branch

point).
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acteristic groups of surface features through referral
to subsequent ficht observations, aerial photos, or,

if suitable, spectral signature banks.
In a supervised classification (Figure B-18B),

identities of the cover types of interest are already

known, for small m'eas (training sites) within a

larger scene, from field work. aerial photos, maps,

personal experience, etc. The first step is to locate
within the data set those areas of high spectral

homogeneity likely to correspond to the dominant
cover types within each traitd_g site. Appropriate
multivariate statistical parameters (means. standard

deviations, covariance, correlation matrices, etc.)
are then calculated for each site and stored in the

computer memory. For Landsat data. the four-band
DN values for each cover type make tip a specific
class: each such class has its own characteristic

multivariate parameters. Correct identification of

every unknowll point zt outside the training sites
becomes merely a matching of its multispectral

properties to the known class with the closest simi-
lar properties, as tested by appropriate multivariate
statistics.

UNSUPERVISED CLASSIFICATION

For both methods, it is customary to view the

classification at any intermediate stage as a printot, t

using alphanumeric characters or a TV display using
theme colors for the classes being set up. A certain

fraction of unknown points (pixels) will have been

misclassified, especially for classes with overlapping

variances; this results in lower accuracies. Each
version is checked against available ground truth to

pick out these misclassified areas. Changes in the
number of classes selected, statistics, etc., are made

until misclassified points are reduced to a practical
minimum: this will also cause shifts in boundaries

and changes in size of already classified areas of the
scene. A final classification is then accepted and

documented in hard copy. If "all relevant classes
within a scene are properly specified, and both

scene and training sites are reasonably homogene-

ous. the accuracy of a supervised classification can
be quite hi#l-up to 98 percent for three to five

vegetation or crop classes when multitemporal
Landsat data are combined.

SUPERVISED CLASSIFICATION

I fORM I!AGES

SEPARATE DATA ] OF DATA
INTO GROi, pPS

WITH CLUSTERING

1 / c,,oos.L-°IFIXEL! FOR

I I EACH CAiEGORY

CLASSIFY DATA
INTO GROUPS

1 I cALCULATE ]
STATISTICAL

DESCRIPTORS

TO EACH GROUP NO

I_ f_IF'Y DATA

1
A B

Figure B-18A-E. Genc:a!izee pzc, ccdure;, ,i_, flow dial+an s [u_ unsupervised and super-

vised classifications.
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An Illustration of the Classification Process. The

general procedures used to produce a classification

map will be described step by step for one typical
system. The processing routine executed by the

ORSER system (Pennsylvania State University),
shown by a flow diagram in Figure B-19, resembles

most time-sharing systems (LARSYS, Purdue;
RIPPER, Stanford) that operate in the Remote Job

Entry (RJE) mode on Landsat data. The CCT's for

the scenes to be analyzed are placed in the tape
library at Penn State. To begin analysis, the user

telephones the ORSER Computer Center to
request that the data tape be entered into the
active fries. Thereafter the user communicates

through his remote terminal.

SUPERVISED

MODE

U-MAP

TELEMETRY) [

SUBSET I

TRAINING
AREAS

SELECTED

STATS SELECT
SIGNATURES

DEFINE
NEW

CATEGORY

GM-CI.A_

Figure 8-19. Flow diagram for ORSER classification procedures.
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The area to be classified is blocked out as a

subset (Figure B-20), whose width is limited to a

maxinlunl of 810 samples (pixels), which is stored

for recall on a separate tape. The first output is an

NMAP print (tipper left chart in Figure B-21). This
product is just an alphanunleric map tthree or more
characters), made by grouping the subset DN's into

several percentage brackets (analogous to density
slices) that extend to the full range of brightness

values present in some combination of one or all
bands used. The pdrpose of NMAP is simply to

provide a distinctive pattern, comparable to the
gray tones in the band images, by which the user
can ascertain that the correct subscene boundaries

were chosen: if not, the limits are adjusted and a

new subset is processed.
At this stage a decision must be made on

whether to proceed with a supervised or unsuper-
vised classification. Whenever feasible because of

adequate ground truth or aerial photography, the
supervised mode is preferred. The strategy is to

seek out areas of high spectral homogeneity or
uniformity that are likely to correspond to identi-

fiable surface feature categories. A UMAP program

uses a t:.t_clidian distance measure to compare a
pixel with near neighbors for degree of similarity.

An example of the map developed by this algo-

rithm :q_pears in the upper right chart in Figure
B-2I: areas of greatest uniformity are designated

by continuous patterns of U's. A number of training

areas are picked on the basis of these patterns, anti
their boimdarics a_e specifictl in line and element

coordinates. Appropriate multivariate statistical

parameters (means, standard deviations, variance-
covariance and correlation matrices, and their

eigenvalues) are then calculated for each training

area by the STA TS program, from which signatures
characteristic of each training area are defined. The

signature statistics are entered into one of several
classifier pro,_'ams, such as CLAS, to produce a

first version of a classification map. The LMAP
program converts this alphanumeric map to one

with more conventional symbols 0ower right chart,
Figure B-21). This version is then matched against

ground truth checks to pick out misclassified areas.

Modifications are made throu#l a feedback loop
that reenters the procedure at UMAP.

Where appropriate ground truth is lacking or

features are not well defined, an unsupervised
classification routine must be followed. The CLUS

program derives separable spectral space signatures
from the subscene and then classilies each pixel

according to the signature it most closely matches.

An alphanumeric signature map {lower left chart,
Figure B-21) is printed and the resulting patterns

are compared with any ground truth or field check

on hand. Signature refinement may be m:_de until

some subsequent version is accepted: this is usually
converted to LMAP form (lower right chart, Figure
B-211. Geometrical and sealing chacges are incor-

porated through the DISPCM rout_,e into the final

map product, which is output on a plotter, a CRT
display, or from a tape used to make gray tone or

color prints.

1 810 1620 2430

1 7

324O

1: ONLY ONE STRIP

2: MULTIPLE STRIP

2340 i ,,

F_gure B-20. Typmal subset spec=hcatlon for data m a single or multiple image

strips.
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Figure B-21. Four characteristic ORSER output products.
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Multisource Data Correlation

Tile ,.levelopnlent of computer-aided tech-

niqt,es for reliably identifying many categories of

surface features within a Landsat scene, either by

photointerprctationol enhanced images or by classi-

fication, is in itself an outstanding achievement.

Numerous practic',d uses of such sell-contained in-

|.ormation are being made without strong depend-

ellce Oil other sources of colnpletnentat-y or st!p-

porting data. Thus. automatic data processing

assists ill recognizing and mapping major crop

types, estimating their anticipated yields, and

spotting early warning indicators of potential

disease or Io_ of vigor, llowever, nlanv other ap-

plications, particularly those involving control of

dynanfic growth or change systems, or decision

nlaking ill Illanagenletlt of natural resources, or ex-

ploration for nonrenewable energy and mineral

deposits, among others, require a wide variety of

input data of various kinds nol intrinsic to k:mtlsar.

Some data are essentially fixed or time-

itldet_endent-slope aspect, rock types, drainage

patterns, archaeological sites, etc.-in the taormal

_t_,m of huliiati CxCllts. ()tiler data COlllC I'I'o111

Ineastlrelllents or inventories conducted by people

oll the ground or ill the air-weather inlbrmation.

I_opulation censuses, traffic flow patterns, soil

erodability, etc. Ilowevcr, many vital data are

Ir,m,_icr_t or ephemeral-crop growth stage, flood

water extent, in,_ct !niL-station. limits of st'tow

cover, etc.-:l;ltl must be acquired on a timely

schedule. Pertinent Landsat data play a key role

here, and. ill fact. _tellite monitoring is often the

only practical and cost-cflk'ctive way to acquire

data frequently over a la_ze region.

Geobased Systems. There is a rapidly increasing

realization that the best future use of ! ;Hadsat tl:tta

will stem from correlating and interleaving this

type of data with ratio'us other types Ill;it together

:ire essential inputs to decision making arid applica-

lions )nodz'ls. Remote sensing data constitute an

integral element of a general I-arth Su_'e.v Informa-

tion Syslem. :is is exemplified in Figure B-22. Tile

bulk of data ill such systems have ill colnlnon :l

geographical significance: thai is. they :ire related

to definite locations on tile Earth's surface, in this

sense, they make up a Geographic Information

System (GIS: also known as geobased or geocoded

systems}. Because vast :unounts of spatial or gee-

graphically referenced data must be collected,

stored, analyzed in terms of their interrelations,

and rapidly retrieved when required for day to day

decisions, a geographic inlbrmation system that

accepts these data as prime input must be auto-

mated if it is to be efficiently utilized.

An automated GIS is built around a base com-

posed Of five elements: data encoding, input pro-

cessing, data management, manipulative and ana-

lytical operation, and statistical and graphic output.

Data are acquired in a variety of formats, including

geographical entities, graphic data. nonspatial in-

formation ill both printed and digital files, and

digital spatial data tapes. Data will often require

manual or automated preprocessing prior to en-

coding: for example, manual photointerpretation

of aerial photography or atitomatic classification of

Lamlsat data.

l:'ach spatial data type is treated as a spalial

data layer. Within each layer there are four types

of geographical entities that must be encoded: t 1)

points, (2"1 lines. (3/ area-enclosing lilacs or poly-

gons, and (4) surfaces ( !'or three-d imensional casesL

These entities can be located as lying within cells

rcfcrencctl to a regulur grid, or by their positions

within an X. I'. (Z) coordinate system. These loca-

tional data are encoded and. after input processing,

stored as points, lines, networks, suit:aces, or areas

_tpolygonsL

Ideally, an automated GIS should have data

base management software to provide for the

following: ability of the system to support nmltiple

users, mnltiple data base,,', efficient data storage,

retrieval and update, data independence, security.

integrity, and nonredundancy.

Ill general, analysis of data front multiple

spatial data layers retluires tile processing of algo-

rithms suited to manipulation of both grid and x.y

coordinate-structured data. and for conversion

from one structure to the other. Processing func-

lions should provide for such operations as roll-
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Figure B-22. A typical Earth Resources survey information system.

tion, translation, arid scaling of coordinates, con-

version fron: geographical coordinates to specified

map projections: spatial analysis'statistical analysis;
and modeling and nleasurement. Spatial analysis

should include l l) overlay capability (in grid and

x.y coordinates). (2) searches (proximity opera-
tions), (3) topographical analysis (calculation of

slope, aspect, earthwork computations, visibility
from a viewing point, route selection, etc.), and

(4i sptltial clustering (aggregation). An autontated
(;IS should provide software ibr display of maps,

graphs, and tabular inlbrmation on a variety of

otttput media.

Landsat data are being interfaced with existing

eco,.,r:lphical information systems in several ways.
Where automated image processing techniques arc

not available (or not considered practical), the

Landsat imagery is photointerpreted to derive the
land cover information to be classified, encoded,

and entered into the GIS. However, for optimal

usage, Landsat digitfl tapes (both raw and classi-

fied) should be interfaced directly into the auto-
mated GIS.

In sum, Landsat data are now recognized as
an important new component in automated geo-

graphical information systems because they are
objective, up to date, cost effective, available in

digital format, cover large areas, and have potential

for temporal and spatial analysis by change detec-
tion techniques. Conversely, the other forms of

data in these systems are often the key ancillary
elements in better identtfication and interpretation

ot features in ti_e Landsat images.
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APPENDIX C

LANDSAT :
A WORLDWIDE
PERSPECTIVE

Assuming that you have completed, or at

least attempted, the questions and exercises in
Activities 1 through 9, you will no doubt have

acquired considerable knowledge and skills in in-
terpreting and utilizing Landsat data. However, if

you have not studied satellite imagery from other

parts of the world, you may well have developed a
strongly biased or selective inipression of the nature

of the Earth's surface. Thus, you might think that
Landsat color scenes are predominantly red, are

dominated by folded mountains, and display forests

as being sevcrel.v damaged by gypsy moths. Actu-
ally, the world as seen by Landsat is a wonderfully

varied and photogenic planet. This is evident from

even a casual perusal of ,_lission to Earth-the pic-
ture book referenced at the very beginning of tiffs
tutorial workbook.

The New York City and Harrisburg. Pa., scenes

used throughout the instructional sections of the
workbook were chosen for two specific reasons.

First, the workbook has been prepared under the

attspices of the Eastern Regional Remote Sensing
Applications Center (ERRSAC) lbr use in its

training program, and so it was expedient to use

imagery typical of the northeastern part of the
United States. Second. with this constraint on

general location, the selection of these two particu-

lar frames was based mainly on the diversity of
terrain and ctdtural features and on the variety of
applications inherent to each scene.

_'our newly developed skills as a user of

Landsat data would clearly be broadened and
sharpened by coming into contact with a wider

range of scenery and applications. The prime
objective of this appendix is simply to enlarge

your interpretive experience with Landsat by
letting you examine images characteristic of other

geographical regions. Twelve Landsat images are
reproduced on the following pages. First, locate

(by using geographical coordinates at bottom of

image) the region represented in each image and
make a note of (or sketch) the general terrain and

cultt.:al feature_ you can identify with an appro-
priate atlas. Note. too, that for your convenience.
spc,rific features or areas considered within these

images are referenced and located by the grid
coordinates drawn on Overlay 1. Your task in this

appendix is simply to answer a series of "leading"
questions about these features. The questions
appear at the bottom of each image. You are to
answer them mentally or on a separate sheet if

you so choose. The answers are _ven in Appendix
H.

As an alternative to answering these questions.

you may elect to write a caption of about 200
words with the format and typical content of the
captions prepared lbr the plates in Mission to Earth.

None of the 12 images used in Appendix C appears
in that book, although some are located near certain
plates in Mission to Earth.

You would be wise to make use of one or

more atlases and geographical references in develop-
ing ._our answers. Consult the list of references

,given on p. vii of the preface nf Mission to Earth
for suggested sourcebooks.
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Scene 1283-17332 Location Figure C-1

I. 'O,hat is the nature of the da_k features clustered around 1-3

and V*27 Name them ,-'eographJc:_ly.

2, Ide.tit_" the Light spot within 0-6. What is the long Line=

feature passing cast-west abnut lOkm (6 miles) to the north?

3. Where is the largest town in #hs ,_cene qcstimate i!_ popula-

:l,3ar. I }td.:_,. do:2__ it .,t_"Fe"..L"_ O_ 'he btp_i$ ,._t"or, lot anLJ It_e

'._hat is the most likely class t',ypel or" trees occurmg in the

_acintty or" this town_

4, \\hat is the most likeb da_s ,ff vet2etation ,hown around

5.

Y-I 7 and southward? Where do farming acriyitJes seem to

be concentrated: }tow "large ate these farms and what might

they be growing?

Much of the area in the northeast quadrant is tendered in

yellowish tints in this _¢ene. Can you deduce the natural

colors of the principal surface materials (guess their

identity,l? What natural featuse passes northward through

E-197
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Scene 1094-18231 Locatio._ Figure _;.?'

I. What ate the terrain characteristics (topographical. geolog-

ical) of the large region centered around |l-g.? What is the

prinoipal diffcren,z.e noted for terrair' around P-77

2. Identify The famous geologic',d feature stron_y expressed

along the _'oastline at several poin.'s te.g.. C-I 1. ¢,-14.

M--'(}I. _Vhat is tne probable liattii,. _f the f,:azu:e a_pearillg

_t T-3':

3. Yhere are various dark patches in forested hills, such as at

1-14. M-4. P-9. Surest a likely origin. What best explain_

dark areas at N-17. S-18, U-17? Indicate _e most likely

origin and use o[ lakes at J-7 and R- 12.

4. Discuss the size distribution, stages of growth, and most

plausable erep types ISuess!) appearing a, field patterns

throughout the nonhea._ section of the image. What

famo,.,s proelucrs timhibed_) are obtained from [ields

alound O-157

5. Locate and describe any metropolitan areas or other large

_orks of m.m _sible _a this scene.
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OREGON

ORIGINAL PAeil_
BLACK AND WHITE PHOTOGRAIIIII

i

-2.

J-

LandsatMosaicof Oregon

I, Identify the regional topographical units, and their geo-

graphical n;unes, shown around ll_e letters A, II. C attd D.
2. On tile basis o[" {O._le (relative t:ra',rlc,,sl, _peculat¢ _m the

Int}_t probable vegetation cover t._pes al_pe_tring _n tile

terrains ma_ked by A. IL C and D,

3. Wh.,l is d_e nature aad identity (geoeraphical name_ of the

class of features to the ri_t of letters 1'?, I., (;, and It'.' iVh._

is the II feattti'¢ dominantly dark whereas those at 11,F. and

t; ;u'e assodated with white patches:

FigureC-3

4. Speculate on the identity of distineti_v patterns of land u_

at I tregulaL checkered) and J (tr_egul_. rectanglesL Look

tbr similar pat:crns elg'where. Xt'l_t practic',d uses can

be I'otlnd for nlonJtorirlg c_,]anges in _'hes,2 pattetrls u_,'er

time?

5. Locate _everal inland lakes in lhi5 q:ene. Why are some

assoc,_ated with light-toned terrain: ',*.hat type of climate

characterizes the tl.'12it)fa iontal/llT/g .'best lakes and |lOW

mi'_ht the lakes vary with ,va:_m. _

L
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IHI4_-II .IlJ_-_l_li_1 E:I._ AZI_ sSS-eOi_-_-n-fi-O-zL _ _ Ol

Scene 1026-20220 Location Figure C.4

|. _,_,lt;lL t_ tit+ It,lltll¢ ol the I,trg¢ xthttt>h area .it I I _ aim

_-12'_ 1'..I ,tmlLIl .II¢.I .llOllX1_| ('-|It the kllttC ol _L|lld;l-

I11L'IH,I[[.'. dlt |'¢ l¢II t'.'

_, _ h,l| alL" th¢ LII_¢ dlMlll_'ll_.' l_'.lllll_'_ _'%1dCll_ .II l-I '_. I,,-14.

_ -ll_ .I11_ cl',¢_he[¢' _,h.lt t_, tile 11,I[IL[¢ O[ tilt" d,l[_ _[[C,I_ _,

_'ont.[mL'd 'h¢,",'tn? \t_. the t¢.lllll.,',..It l,l-l_ .rod I{-_..unom:

t_l|)l?,_.. ,J|.t.IL']'¢ll[ If|.||| tho_¢ .It |'_). 'Jt_''

;. [)C>¢TIL_C !IO%_ tI_¢ _.¢It.ltll .It ,It,it _'i,|_L"_ .l" _.]'i'_ .lll_i ,,'_-*
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ORIGINAL P.-_O._
BLACK AND WHITE PHOTOGRAPbl"

. .., I, , , ......,,,- ....... f-:,":.. - . .. :,,_ . ..... -.....

Scene 1079-13193 Location.

I. .XI what _eason was this image taken.' _l'hat is the .'orre-

_,ponding Sun ,.levation" What brings ab,.',ul the impression

of topographical rel/cf m the telram on tile left (wextl _ide

of this hn_e.'

2. l!stbnato '!_,." ,_ctu;_l rob,.': taiu'erence m ele_:HJom ,,f _he

mountain £roup at II-20 ,llull; u_ th,." Sun angle .it:.,! tile

_hadow dim ¢n,;lolls 1.

._. What is the natural feature ,_,.'cut,._ in,-' .t vaUe:," area a" t'-2w)

[tie 'dXtCIl_,iOII oi (tit." _aile) _'a_t_,uu illtO t.;del It,IJIlK_?, Day

4.

Figure C-5

is another common physio_aphical feature found par-

ticularly in hi#_ latitude mountainous terrain adjacent to the

ocean: identify it.

What is tile nature of the large irregular light-gra, objects

occupying much of the : "a:h,t ball" of the image? Describe

the sta:e of tile ocean surface at this tLme.

Itow :m_h" 2_i; kind of information about the sea's Cotldj-

lions as men Igo/ll l.andsat be used ill .; p/actical wav._

-too



Scene 2453-09432 Location Figure C-6

1. S,,_:culate on the origin of the islands (C-". F-5) north of

the tid_ marshes. Between these islands and ",he mainland is

"apparent" "errain m_ked by a dark blat._$ray color;

what is its nature? Do you think :t is abo_e ot below sea

level?

2. Identify b,v geographical cootOmazes "he targ=3: well-known

cities tat least live) in this image. Two of the_e .tre connected

b)" what river? Name the large river at k'-2.

I ]'here 3re litany thin ]ine:l.r fearllrt"_ lhat ,ll_t _]._t'k in ti_i_

4,

rendition. Many ate interconnected and sonie extend into

rivers. What ate these features and how ate they used?

In places, the border bet_'e(-n the two countries depicted in

this scene is sharply dell.ned by a land-use pattern, Locate

this border at that pattern (by coordinates). What are the

principal land uses in "ha general re,on? There are many

_nall dmk brownish-black Lwith red tint) patches of Lrreg-

ulat _hapes but _.ith straight to ragged edges; what are

rhea2 '_
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_JUL'_ C N54-23/E@$_-._3 N N54-22/[_I-_l rlS$

Scene 2]64-06153 Location

N_3-3_I EaB2-_t
R FUN EL53 P,ZI38 195-22Be-N-I.N-D-;L NBSB ERTS E-216,t-_IS3 -: B!

Figure C-7

I. Discuss the apparent _tages of _rowth of crops in the fh.qd.;

evident in the lower tight cornet of the im_e. %Vhat is the

llloxl likely crop t_,p_?

2. :lost of tile agricultural area tsoutheastl is characterized by

dark tones {browm.,dl-blackl. lrom ',otu kno'_qedge ol this

re'..tioIl,t_,'hataccounts |or this (consult .t,.:'¢ograph._,e_,tit"

n ece:,._.ti'y)7

3. rhe upper and lo_er parI_ of the miag¢, m partieu_r.

display c_lor_ illdl,.xltive of extenMve "c¢,.:elation cov_.'r. [.',qng

specula.*e on the types of natural vegev, tion present.

4. The lakes in this _'ene are numerous and have distinctive

:&apes and other attributes, S_gest an ori._an for these.

Why do some contain reddish swirls-explain? What pre-

sumably has happened at J-7 and 1-87 Why are some lakes

marked by bluish,-gray to wllitish tones?

5. There ate ,.everal ptom/ncnt thin linear fi:atures in this

mlage, as at L-14 and 0-17. They _een) also to have reddish

tones, Speculate on their nature and orion.
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Scene

I.

1125-05545 Location ......

_,hat t_pe of mountain is present at B-/_ and again at S-3"

Name the ph.vsiographic features evident at and around L-3"

dcntifx another type of feature at t1-12. K-15. and else-

where.

3. <;ire the coordinates of at least one part of tire mountain

terrain m which sedimentar.v bedding units can he seen;

._g.un. note _her¢ well-developed jomtin_ is exposed:

and. 1.,catc I'art_ of the basin where eroded folds are _sible.

4. _Ahat is the hkc|._ nature of the long linear feature at J-lb;:

_ hat l_ a plausible explanation of the [i_lt..colored _,atch at

)-2 ! ?

5. _¢ o_erall color "one of this imaee Is a ;recm:h4,1ue: "o

Figure C-8

what natural colors does this false color tone :orre_ond;

explain?

In this desolate terrain, can you Find arty evidence of man's

activities?

An area known as Samdak lies at D-3 and D-4. This is the

site of a porphyry copper mine valued in excess of a billion

dollars. A Lands,at investigator used computer classification

to characterize the rock materials azound the mile. Using

the distinct reflectance classes for these rock and alteration

zones as a standard, he sought, and found, similar classes

elsewl_ete to the east. Can you spot any comparable class.

or "anomaly'"/cite coordinates)?

ORIGID_AL PA_E

p_$OGRAPH
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Scene

I.

404

1122-03560 Location

This scene covers only a part of a major geographical/

geological terrain category. What is this large feature?

Which two major rivers may _e seen in this image (note: the

ocean tiesjust to the south)?

2. Describe "_he natme of the water in the dominant river

cut:ing across this scene, in terms of its reflectance as an

indicator of the type of load it caxties. What function i,

served by ",he numerous _naller streams flowing toward the

bottom of "..he image?

3. What cham'es that can be monitored from Landsat could be

expected ".'or the islands in the southeastern part of the

6LACK AIND WHITE

Figure C-9

5.

i" , .."

_cene as a consequence of typhoons during the monsoon

season,? How may such observations Ix put to practical use?

Some of the different g_ay tones indicate varieties of

vegetation communities. Speculate on the Likely forest :'.nd

on plant covers at B-21. T4.G-19 and .M4.

.Man} distinctive patterns related to the history of develop-

merit and change of the dominant terrain feature are well

displayed, as a: B-7. C-.4. ||-7. P-7. and elsewhere. Using

appropriate references, offer some _eneralized explanation

for this varied pattern.
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IGFIDr/3 C N_e-21,"E_9_-28 N N4G-!9/EB?8-33 _ ? R SUN EL29 _lZ'_<_5 '9'-29;:_ -.- -_.--" _ ".-_: :" ._P_.-_5_-? _2

Scene 1206-05000 Location Figure C-I0

1. From the _harpness of features displayed in :his scgn¢.

_uggest one or more factors responsible for _hls _t_ong

dc,'initiot,.

2. _hat is the nature (character and origin) of :he ridges

appcam.n_ at 1"-19. M-15. 0.6. and clse_he:e: What g:neral

:l.a,.,; _ff .'ock5 mos_' pr._hah!y m,!ke_ Ilr_ rhe*,e mr, oeravhical

features: Do tile mounlaJnou_ a*ea._ at ('.3 and I'_ appear

different in :ock type, g¢ologica! structure and ph) siograph-

ical expres_on? Explain.

3. Trace at ieast one prominent :'ault e*adent in L.qi,- s_xne.

4. _a,l_at a/e %e landform "q:'pes prominen'.ly displayed at such

points as I-I,), K-13. S-'? How are they produced7

5. Speculate .:n the nature of ,,he mottled tonal pattern at

P-21. ['-lb. _d other azeas neat the bottom ot :2_t: image.
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Ez o-m0 m_¢:_

Scene 2211-02122 Location Figure C-11

I. |d_:ntffy the Luge metropolitan areas in this _¢erte at ,%1-8

and ll-l I,li<=wn in p_l't). _&llat az¢ the prin_.ipal altJvil:¢t of

ltl&n in [his l'LIr'_ t)i [hc lt orld /_:onful/an atlas or ,ou/ce-

book )?

2. %Vhai is being g.Town at such places as C-t4 and Q-lY:

W'.'tr¢ ¢I_:: l).:sc=i_¢ :h': land pa:te:n, _ de,','l,,ped !',,r ,_ther

agricultural types. ¢_peclally m temps of slier. _hape_.

and distribution of f.u'mhnds.

3. What is a likely explanation for the large ate_ at R-I 1 a.nd

T-5 along the beach zones: What _ produced there? Explain

also the naluzaJ feature _ong the shoreline at T-IS and

clsev,here.

4 '._,hai is ti)e p_po_e of the many linear feartue_ e! :it p...t.

O-I I. and L-22. found ihioug, hout the scene:



ORIGINAL: P;_'t_ '

COLOR PHOTOGRAPH

S825-_1 E139-eel EI39-3e)
26,.'UL73 C $2=-)5/E739-18 N S2,=-19_E)39-23 rISS " R SUN EL31 Rz_a5 IB9-512!-N-I-N-D-,_L NRSA ERTS E-1368-ee@81-= 81

Scene 1368-00081 Location Figure C-12

I. Using an app:optiate geography soutcebook, consider the

tegi'on shown in this image, flow weU popuhted does it

appear to be? How is the [and u_d?

2. _]],at _e the linear features appearing prominently on the

left {west) side of the image': Discuss their mode of origin.

3. 'd,']hat t$ _hc -_.;.$on EI :._1.;._ ;'_-rt ,3( rh,_ _t'or!cl _ 111 oa.rticular.

di._uss the rainfall patterns :hat migh', occur during a

typical )ear.

4. Account for the conspicuous areas of red that dominate
parts of the scene. Note their association wRh bluish

patterns. Can you reconstruct a recent weather histoq:"
forthe region:

5. Compaxc the ck, ud effeds in this scene with those in

22114_2122. What noh=t_ie d,illerence Is evident: ',Vi)y_
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If youhaveputyourmindto someof the

questions dealing with the preceding 12 scenes,

you should have nurtured a broadening perspective
- or at least a "feel" - for satellite remote sensing

as the mainstay of a global observing system. Before
leaving this important appendix, we wish to further

"condition" your opinion of and, hopefully, your
admiration for Landsat by exposing your thoughts
to several unusual but still characteristic kinds of

applications (not demonstrated in the eastern U.S.

scene_) being developed in the United States and
worldwide. Yeu will not be asked to respond to

more questions" instead, just read on and appreciate
three additional examples of the universality and

adaptability of the technology we have been

studying.
To set the stage for the first example, recall

that in Activity 2 you learned that individual
Landsat scenes can be effectively joined into

mosaics often covering large regions. Mosaics have
been made for each state in the U.S., the whole

U.S., the entire North American continent, and

many countries (e.g.. England, France, Eg,ypt, lran,
Pakistan, China, Thailand. Ja,,an, New Zealand,

Bolivia, among others) and re_ons (e.g., the
Tibetan Plateau, the Mediterranean countries, parts

of Africa, the Amazon Basin). In Activity 5 you
also became familiar with the capability to classify

selected subsets from a single Landsat .¢cene into as

many as 20 to 30 classes. Subsets, typically a few

hundred to a few thousand square kilometers, are

probably the most common classification product
simply because of the practical size or volume limi-

tations in handling large quantities of data. even in
the computer, ltowever, the potential value in
classifying very large scenes - of mosaic dimensions

- is nevertheless quite higll, Ibr obvious reasons.
and in most instan:es would be worth the time and

costs involved. The classification could be carried

out by traditional photointerpretive methods,
modified for the scale differences anti sparsity of

details at lower resolution, applied to mosaics and

to their component scenes. This approach was used

in several projects sponsored by organizations
within the World Bank. W. Drewcs. J. McKenna.

and K. Willett of the Resource Planning Depart-
ment of the World Bank. working with M. U.

Chaudbury. A. Haki,n. M. Munnaf and others of

the Ban_adesh Landsat Program have published

11079) a Land Use Association Map _cal,,

1:500,000) of the People's Republic of Bangladesh
in which parts of 13 Landsat scenes served as the

prime data base. The imagery was computer-
enhanced by the Environnrental Research lnstittlte

of Michigan (ERIM) and then printed on Ciba-

chrome (a very fine-grained positive-to-positive
color film capable of preserving a high level of

detail) and mosaicked by Photoscience, Inc. Some

computer-assistcd classification was conducted but

much of the actual classifying was performed by
visual inspection of the Cibachrome mosaic,

supported by reference to an earlier Land Use Map

(I 97 I) prepared by conventional methods and by
some limited field checks. The current version of

this map (too large to reproduce in this workbook)

displays 21 cover types arranged in 7 general
categories: Water; Wetlands; Saline Areas: Multiple
Crop Area; Primarily Single Crop Area: Forests:

and.Other. The crop and forest types are further
subdivided into 31 specialized classes, such as aus

rice (early monsoon-grown); Rabi crops (dry
season legumes, wheat, barley, mustard, etc.):

mixed aus and deepwater aman rice (mainly

monsoon season): gt,ava orchards: pioneer grass-
land. Such" information, updated as often as feas-

ible, especially with Landsat on a seasonal schedule,

can be invaluable, almost essential, to a developing
nation whicil depends heavily on careful manage-
ment of its Ibod resources to avokt :onstant threats

to staple supplies tb,at can lead to dangers of
starvation.

Closer to home. a splendid example of a large

area classification is shown here as Figure C-13.
Tbi._ Cover Type Map of the State of California,

made for the California Department of Forestry,
drew upon Landsat-2 data contained in parts of 29

scenes acquired during August of 1976. A digital
color mosaic was prepared from the data by the Jet

Propulsion Laboratory. This mosaic was then sub-
divided into 30 ecozones within California that

tend to be distinctive from one another, while
internally similar, such as the Sierra Nevadas. the

.Mojave Great Desert. and the San Joaquin Valley.
Each ecozone was classified as a separate entity.

through processing on the ILLIAC-Editor system.
but the same theme colors and signature character-
istics were carried throt, gh all scenes. Sixteen major

resource D'pes (classes) were established for this

product. A cost per acre approaching 1/10th of 1

cent (_0.091/ wa_ achieved for a region consxstmg
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,COLo_ Pt4OT""_.,• v.c: A I_l,J

Landsat Cover Type Map
of the State of Califomia

Prepared _n 1978-1979 from August 1976 Data

Figure C.13, L.,nd Cover Type Map of California; the 57 rectangles connote the 1= X 1° topographic quadrangle sheets used

as the mapping base.
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of more than 100 million acres. This classification

will be repeated in 1987.

Our second example heralds an event that

frequently made headlines in 1980 and beautifully
demonstrates the value of space imagery for disaster

monitoring on a relatively short turnaround time.

On May 18th, and several times thereafter, Mount
St. Helens, in southern Washington State some 525
km north of Mt. Shasta in northern California,

erupted violently for the first time in nearly 125
years. The May eruption was catastrophic, kilhng

more than 50 people and causing greater than 1
billion dollars in damage. Aside from its newsworthy

status, this eruption provided an exceptional

opportunity for American volcanologists to instru-
ment and investigate an active volcano :.n the con-

fines of the 48 contiguous states. Remote sensing

played a key role in documentation, analysis, and
assessment of a series of events. Before, during, l

and tbr months after the climactic eruption, aerial
reconnaissance using pliotogmphy, thermal infrared

scanners, radar and other data collection systems

provided outstanding imag_ and other data sets.
For example, pre-emption thermal imagery revealed
a few tell-tale "hot spots" along the flank of tile
main stratocone but these in themselves did not

portend any impending event. After the May erup-
tion, a large area of hot ash and flow debris ejected
from near s, mamit vents, as the peak slid and then

was blasted away to forn_ a kilometer-plus-wide

amphitheater, showed up in themlal imagery, as
an extended high temperature anomaly. This an-

omaly was detected only once in HCMM images
(see be'.ow) owing to the few passes over the area-
mostly under cloudy conditions-between May and
shutdown of the spacecraft's sensors; pre-emption
images show no abnormalities.

Lands,at was more fortunate. Images were
collected before the eruption. Afterwards, the

western Cascade Range remained in morning

clouds for nearly two months during each pass but
by mid-July good looks at the area of damage

occurred during some passes. Two superb views
from l_andsat appear in Figures C-14A and B. The

first is a pro-eruption image dated September 11.
1979 that shows the symmetrical cone of Mt. St.
Itelens. located westward of the main line of

Cascade volcanoes but stdl in the ',.eavily forested

land clear cut) mountainous terrain. The second

image was obtained on July 30, 1980 and graphi-

caUy portrays the extent of the close-in ash flow,

debris flow, mud and avalanche flow deposits, and
the larger area of complete devastation marked by

blowdown of trees and thick ashfall deposits.
Other images to the east display more reflective

(lighter toned) surfaces containing ashfall accumu-
lations that are distributed across central and

eastern Washinpon into neighboring states.

In Figures C-14C and D, the results from deriv-
ing an unsupervised and a supervised classification,

respectively, indicate how well Landsat can

compete with aerial photos as a mapping aid. The
outer limit (solid white line) of deposits stemming

from the ash cloud that hugged the slopes of the

volcano and blast debris further out as mapped
from high altitude (U-2) aerial photos can be almost

exactly duplicated by the visible edges of these
deposits as seen from Landsat. The unsupervised

classifi.cation map delineates spectral classes set up
by a clustering algorithm using a maximum likeli-

hood classifier. The supervised classification is built
from a set of classes (see caption) determined from

field mapping, aerial photointerpretation, and
published reports. While the areal extent of these

deposits remains small enough (about 600 square
kilometers) to be surveyed froln aerial photos, one

should not preclude use of space imagery to
accomplish many of the same objectives; moreover.

the setting of close-in deposi:s in relation to the

extensive downwind deposits can best be described

from the Landsat renditions.

The ItCMM satellite passed over a cloud-tree
Mt. St. Helens area around 2:00 a.m. on Jtme 19,

1980. The resulting Night IR image (Figure C-I 4E)
clearly shows that the ash deposits filling the

northward-trending valley leading to Spirit Lake
were still quite warm (18 - 22°C at that surface)a

month after the main eruption. A thermal scanner

Iphotographers we_ on the g_ound at the time of eruption and

obtained dramatic sequential pictmes of the event. A scientist as,d

a professional photog_ apher were killed then; others taking pictures

had to scurry- to _afety as the eruption clouds neared. Some

sensational photos were obtained by indxvidaals in several light

aircraft; one plane passed across the path of the blast less than 20

seconds before its imtiation. From space an extraordinary sequence

of wide region image, were taken 30 minutes apart by the GOES

satellite. In th.is sequence the original blast wave la compression_

was spotted in two frames md the eastward spread of the as.".

cloud was followed into adjacent states for more than a day.
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flownonanaircraftwithin24toursof thisover-
passcontainedindetailtheobservationmadefront
HCMM.

Thefinalexampleisaconciseillustrationof
howLandsatcanserveasanintegralpartindevel-
opingatimely,decision-orientedthematicmapto
beusedin a crisissituationthatconti,vlesover
longperiods.2A severedroughthasbesetextensive
andwidelyseparatedsectionsof theAfricanconti-
nentsincethe early 1970's. One of the more
seriousl" affected regions is the Saliel in western

Africa. Loss of water, forage tbr livestock, and

basic crops have led to intense ec'qogical damage

that brou#_t about countless tlmusands of deaths
among the inhabitar_s. Large segments of tile

nomadic population have migrated almost aimlessly
to different areas in search of relief, often not

_.vailable. wllJch simply luther exacerbated the

conditions. In 1976, the Government of Upper
Volta sought assistance froin tile h,:ernational

Development Association of the World Bank,

through its West Volta Agricult,lre Development

Project. in seeking to pinpoint possible favored
areas lbr resettlement of the migrants. Because of

zhe ilrgency of the situation, the decision was made
to rely on available kandsat images as the scurce of

current, far-reaching, and comprehensive data
needed to update earlier studies rather than wait
for the much later results from an aerial mission.

The ancillary studies included a Soils Reconnais-
sance Series of maps done in 1969 and a Potential

Land Use Map completed in 1976. Four Landsa_

scenes acquired in November of 1976 provide

another critic_ data input. The areas chosen as

most likely to meet resettlement needs lay in the
southwestern portion of Upper Volta. along the

Volta River. l'here, higher rainfall, a more suitable

physical environment lbr agriculture, and lower

population density "all ta,ored improved life-
supporting conditions to which the migrants could
be directed.

The Landsat scenes _vcre digitally enhanced

and classified to yield 15 distinct categories of

surface _tate based on separable reflectances. i-hose
_.cted as base maps at a _cale of 1:250.000. on

which other map data were overlaid. Three color
tones in the Landsat color composites were recog-

nized as unfavorable to _lcw agriculture: (1) Gray

:ones. representing sandstone and granite outcrops.
121 Reddish-yellow tones corresponding to areas

unsuited to cultivation because of a thick, hard

t.'on oxide crust overlying poorly developed lateritic
soils, z,ad (3) Whitish tones, marking :hzllow, barren

soils containing iron shot or crust stones. Further-

more. absence of surface water and a high probabil-
ity of deeper water tables were indicated by lack of

natural vegetation evident in the Landsat imagery.
Superimposed topographical data revealed inade-

quate terrain. Tiffs phase of the study succeeded in
eliminating some 40 percent of the region from
further consideration for resettlement.

Following appropriate field checks and, espe-
cially, detailed visits by helicopter to 19 areas of

lower population and favorable agricultural poten-
t_;al, a map was prepared to show the terrain and

ecological conditions along with the prime candi-

dates for relocation. A section of this map is repro-
duced in Figure C-I 5. Rock outcrops are depicted
in brown and iron-encrusted soils are shown in

yellow. Blue along the Black Volta correlates wath

areas of alluvial soils where infestations causing

fiver blindness would be likely. Concentrations
of slmabs and trees, loosely called "'forests," are

indicated by a distinctive pattern. Rainfall zones

are bounded by isohyct lines, such as the blue-

dashed li,le at tile 1200 mm position. The pink
circles of varying radius on this map define the

proportionate numbers (in black numerals) of
more or less permanent inhabitants of settlements

at the time of census. The uncolored areas (_ery
li_lt tan in this rendition)embrace areas considered

more suited to developing new settlements. These

areas are outlined in red and are rated as High (red

crosses), Medium Ired "rivets"), and Marghaal (red
dashes) Potential for Settlement. based on physical
and human factors, and are generally surrounded

by (or lie within) larger polygons (red dots) that
could comprise an administrative zone.

Production of this map has fostered some
firm decisions to itnplement relocation. Instead of

an original 3.5 million hectares under consideration.

now some 58.000 hectares have been singled out
t'or more intensive examination, a':compa_:!ed by

•]etailed mapping. This "condensation" phas,, was
completed in less than 6 months at a cost brz.kcn
down as follows:

21!xtracted from Resource Sensing foe Developmen:: The World

E_an;_ i:.'H_erience , 1972.1982. b_ W. U. Pre,_'e_. tn I ross.
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Figure C-14. A. Enlargement of Landsat image obtained on Septemoer 11, 1979 showing pre-eruption state of Mt. St.

Hefens. g. Ash deposits around Mr. St. Helens, as viewed from Landsat on July 31, 1980. C. Unsupervised classification of

August 19, ! 980 scere; the color themes (representing spectral classes) are interpreted as follows: Light Blue = Mud flow de-

posits; Dark Blue = Clear water; Gray = Ash-laden water; Brown and Yellow-brown = Ash flow, ash fall, mud flow deposits

(undiffere,ltiated); Orange*brown = Areas of extensive downed timber; Greenish-black = Forested areas (masked out); White =

Clouds. D. Supervised classification of July 31, 1980 scene (using several published maps to $_.lect classes): Blue = Clear

water; Gr3y = Silty (ash) water; Dark Green = Conifers; Light Green = Other vegetation (some conifers); Aqua = Ash_:overed

terrain, with trees down (also bare soil); Purple = Ash plus standing trees (de-needled); Yellow = Avalanche deposits; Orange =

Mudflows; Red = Pyroc;ast_cs plus mudflows; Black = Pumice flow.
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Figure C-14E. A color-coded density sliced image of the Mr. St. Helens volcano and environs produced from a subset of

nighttime thermal IR data acquired by the Heat Capacity Mapping Mission (HCMM) satellite on June 19, 1980. The color-

coded temperature scale on the right (in °K) is derived from DN values using a look-up table in the HCMM Users Handbook.

The hottest zone (several white pixels) lies essentially near the top of the volcanic amphitheater formed when the north side

of Mr, St. Helens s!umped and then was blasted off on May 18, 1980. Red and orange colors define a tongue of hot ash, prob-

ably representing material emplaced from an eruption on June 12, 1980, that extends more than 8 km to the nortn. Much of

the lofty volcano itself has relatively cold (purple and black) surface temperatules owing to its altitude. Coldwater Ridge to

the northwest also shows up as cool (purple). The lakes both north and south of the eruption site are moderately warm

(orange). as is characteristic of large water bodies at night because of their high thermal inertia (see p. 366),
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Figure C-15. Part of a Po(enlial Sectiei,_ent A_eas Mdp of _outhwe_ie_,, U_,iaet VoIt_ (_ i=^t fo; ideni.ificatior, of ti',emes),

prepared by the World Bank. Rase of map represents approximately 80 km.
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{'Ol'._III|illlI_

Remote' sL':_si1_(.I.1 d;lysl S t,,')Sll

.':,,_il _urvcy ( .' I ,I.l','s} 3, I _tl

I'ollll_lllCr l;ll'_t.' ,lll_ll+vsi_

I.'ou r s_'¢ nes an_dy ted 12,000

l'holo l'¢l_t'x_du¢liOll 1,400

| 'il l'l o.Ltl'il l,ll i4 ¢OlIII'iI+II ioll /,,-_t}l.)

)+I_II_ lwi111iug (.':,00cOp(('s} l.'I00

_,31 ,(,')0

llad the sl,n_d+ird l_1"o¢¢du1_,'s tlSil;_ .1¢nal lqlOlO_-

r,llqt?, b+.'_,tl lollowcd, I]I¢ l+ro.w_,'l ,,vollhl h.lVt' rt'-

qtlil'l.'d All ¢.+.li111:ll.,'d two Yt'ill_ ,I| ,! _+'Oxl ,IS folloxvs'.

.._.lrcr:lll rL'nl,ll S +'_O,OOt}

.%¢ii.iI photos I I .},i}q, g

l't,lllt1.._ ,i( s¢,ik" o(

l .'t).OtX+_ t+._,-l "5

l+holo r,,'¢llli¢illi,,+ll .qt},OOtl

l+holo 111,,+'+ai,."k i11g I .;LIAP )q

".irhx_1:11qli¢ ,,'onipil.iI1on I _.OL+(I

l+holo r_.,l+l'odt1_' 1io11 I ,.II.}0

M,II, i',11111in_ l .')t)t }

t'ollnllll_llll'i, ,tl_'_r|1,111-

mOlllhs _ ".L}O0

l'h¢ otfly sign(fie:mr :idv:ml;1,_¢s of the i_'rii11melllod

would flay(' lw,,,,.,t'_ gt'L'ill.','rt_.',_+++hlliOl'1 alld ._h+'t_'o-

(,nit,cry.

%le'auwhile, lit,,,r,111y teus _._t"thousands of lives

n.'maiu al sI,ik_,. This lype of ,11+plicaliou sift+ugly

l'o_.'tts<,'.,ion :l_lm'ip¢_'lof Ilk' 11_t'oI" Lilnd_,ll 111/11is

h,11"d Io g1.1:lulil'y i11 l+_,'_'ise,cul_ind-dri_.'d I_.'1"i11s l'qll

_.'il+x' Io d_'l'¢nd :Ira,| .IdX't'_,':IU.' hl h11n1:lllil:|rliln h.,rlm+.

I"11¢ thtx,_." ,,'x:1111|'+I_.'.,+.iusI r_'vk'wed, Io,_.'|hcr

with 111_.'+_."imlqi,,'il in II+IL' previous 12 l'igu_'s in

this ,tl_l,_'tldix, all Poiul to Otle domill:lnl I'_I+.'|,

Nam,.'ly, I_iutdsat c:It'I |'+t,' II.,:+k'd ,utyw|x_.'_" l'_x' '.111yoti_.'

f_'q" ,I wide" r:in._1." of l'Ulrl',Om.,._ ,Ind ,11 ,I cost ,+vllic}1

mak+.'. +. lhi.'+ iI,,:,¢ +IfI\+rd,11",le l'_y go,,'t.,rru1;e1'itm, _'ont-

it1¢1"+'iali11stitiltious.;uld_'x'en l+livaI¢ individuals.

I'o lh¢ developing 'l'hird W_rld mlliou+, ils well a,_

HlOl'_,"iil'l]tl_.'llltl_'1_iiu lhi,_Ct+lllllryillldii_.'l_X_,.+,lh_'

,_tlolw,l.,llltl,,iilli,,iilllliO,,il¢_'rhlinly rillillq¢il.,iil"'bilr-

gain" ,filer u1:Ikin+ relaliv_'ly inodesl iuili,11invcsl-

nwnl,s m buihlin_ up cguilmWUl :ind skilled lwr-

SOlllt¢l.
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APPENDIX D

GLOSSARY
OF TERMS

Absorptance: A measure of the ability of a surface
to absorb incident energy, often at specific
wavelengths. (A)

Absorption: The process by which radiant energy
is absorbed and converted into other forms of

energy. (A)

Absorption band: A range of wavelengths (or fre-
quencies) in tho electromagnetic spectrum
within which radiant energy is absorbed by a
substance. (A)

Absorption spectrum: The array of absorption lines
and absorption bands that results from the
passage of radiant energy from a continuous
source through a selectively absorbing medium
cooler than the source. (A)

Absorptivity: The capacity of a material to absorb
incident radiant energy. A special case of absorp-
tance, it is a fundamental property of material
that has a specular (eptically smooth) surface
and is sufficiently thick to be opaque. It may be
further qualified as spectra/ absorptivity. The
suffix (-ity) implies a property intrinsic with a
given material, a limiting value. (A)

Accuracy: The success in estimating the true
value. The closeness of an estimate of a charac-
teristic to the true value of the characteristic of

the population. (D)

Active system: A remote sensing system that trans-

mits its own electromagnetic emanations at an
object(s) and then records the energy reflected

or refracted back to the sensor. (A)

Active microwave: Ordinarily referred to as a ra-
dar. (A)

Additive color process: A method for creating essen-

tially all colors through the addition of light of

the three additive color primaries (blue, green,
and red) in various proportions through the use

of three separate projectors. In this type of pro-
cess, each primary filter absorbs the other two

primary colors and transmits only about one-

third of the luminous energy of the source. It
also precludes the possibility of mixing colors
with a single light source because the addition

of a second primary color results in total ab-
sorption of the light transmitted by the first

color. (A)

Aerial photograph, vertical: An aerial photograph

made with the optical axis of the camera approx-
imately perpendicular to the Earth's surface and
with the film as nearly horizontal as is practica-
ble. (A)

Aerial reconnaissance: The securing of information
by aerial photography or by visual observation
from the air. (A)

1So_ces:

(A) Reeves (¢d.) Manual of Remote Sensing.

(B) Swain and Davis,Remote Sensing: 77re Quantitative

Approach

(C) Sabins, Remote 5_nsing: Principles and Interpretation.

(I)) C!cr'_a,_' of S:_tl;zical, Remote Sensing. ,'.nd lmage Prote_s.

ing Teems, [sl. Ind. (unpublished).
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..%il_'do: 1,1_ |'he r,llio of the :mlotml of F,MR _'-

fleeted b.x :t body to the ;imotmt ixlcidctll ill+OUt

it. oi"I¢11 cxpr_.'ss¢d :IS ;I i',_.,i-¢++'tII:i.c.¢, ¢.,.:'., tht'

,tlb;'do of the l:;trtlt is .'_4 percent. 1,2] l'h¢ tx'-

l']¢¢livil+X' of ;I body ,is ¢otlil'_;Ircd to ih:it oI" ;i

i+¢rt'¢¢tlv dit'l'using stlrl+_l¢¢ +it the S+.lliW distiln¢¢

I'It+lii the ,'_tlit, ;ittd itOFtll:ll Io the ill¢id¢ill i';idi;i-

IiOil, t.'\l

:Mltlrilhlll: ill .-% t+ixcd +_l¢l_-b)-st¢l+ pltl¢¢dul'l, to

;i¢¢ompIi,_h ;i ,,_,ix'¢it rcstill: listi;illx :i ._ilill_lil'icd

i+l'O¢¢du1"¢ I'or solvilt_ ;I ¢01111+1¢X I_rol+lc'ltl; ;11,_0

;i frill ._l-+ll¢lll¢itl 01" ;I fiilil¢ ttlillll+¢r 01" slcps.

t-+) :% ¢onil+tll¢r-ol'it'lil¢d I _i'O¢¢dtlrt` I\+r rcsolviil,_

;i i_robl¢ln. II))

Alllh,lilumi, i+i¢: .._ <'h,ii';i¢lcr s¢l ¢olill+OSed ol'l¢ll¢i_.

iiil¢l¢l'+_, i_liit¢ltl,iliOlt ltl;irk._, ;iltd ._p¢+i+ll s.vmbol+.

I.lsti:ilI.v Ih¢ litinlbcr o1" ¢h;ii;i_lcrs ill ;i set v;ii'ics

b¢lx_,¢¢n I'oi'l)-¢i+_hl ;ilill si\l)+-I'olii -. tl))

;lil|,ihl I, :ll fol'llt of d;it:l dispI;i.v ill xvhich ,l';ilucs ;iic

showit lit _l+',ll+hi¢ l'Ol'lti, +_tich ;i._ ¢Ul-X¢._..-ltl._o ,i

I'Ol'tli o1" ¢Olltrtililt!t ill xvhi¢h v_iltl¢._ ;ll-t, i+¢t_1-_,-

s¢itlcd b x dir¢_'ll.x llt¢:isui+;ibl¢ qu,llltiti¢s, such +i,_

x'oll;l_¢+_ o1" i't'+i+l;llt¢_'+_..._tll;llO_ ¢Ollll_tilin_ ill¢lh-

od+_ ¢Ollli';i._l wilh dilit:ll lit¢lhtld_ ill which

x;ilti_,,_ ,irl" lt'¢,ilcd tlUlil_'ri_,ill) . t.\]

.-llil¢ill,ir)' d:il:i" In r¢lnol¢ _¢ItSili,.t', ',¢¢olid;Irx d;ll,i

i_'t'l;iinilll 1o the ;ll'¢;i oi + ¢1,i+_s¢+ t+l" iill¢l'¢,_l, _tich

;l._ lOl_t+ll':il+hi+;il, d¢illo_t';iphi¢, of ¢liiil,itolo_i+;il

d,il;i..\ll_'ill,il) d,il;i lll;i.x I+l" di,_iliz¢;I ;iitd II+¢d

ill lhl- ,ill_il)',_i,_ pro_'¢_,+ ill _'oititill+lion witll Ihl"

I+l'{lii;il') + i'¢lilOl¢ Si'lt._ill_ tl;llli. Illl

•llnlll, ill" tlclii-i,,_it+ll: lit SIAR tis;i,_'¢, th¢ ,iilltl¢ I,¢-

ix_¢¢it tile hoii,,oitl;il i_l;iltl • p,i+_sinl Ihl't+iilh thl,

;lltl¢Itlt+l ;llld lil¢ lilt¢ ¢oilitt'¢liii_ lh¢ ;llll¢illt;i ,illd

ih¢ l;il+l¢l, t(,')

:llillk- of in¢ideil¢l': t I ) l'h¢ ,inll¢ I_-t_ecn the" di-

i+¢+tiotl of iil¢Olilli_+l I'+_11_ ,ilid the nol'ttl;ll Io the

illt¢l'¢¢l_iin _ P+lirl,ict,; I __) lit SI.AR sx ._t¢iil._ this i+_

the" ;itt_l¢ bet w¢¢n th¢ vcri i¢;iI ;i_.ld ,i Ii11¢¢i_t111¢_'I -

ilt_ ;litl¢illl;I ;ilid l,ii'_¢l, {('_

..lliilll" ill" rcfll't'lioil: l'h¢ ;l:tllc th.lt FMR reflected

I'roltl ,i _IHI',I_'¢ llt,lK¢.x Witli li1¢ I,_'rl+¢iidi¢til,lr

litoi+ill;ll_l Io the >url+,i¢¢. I.\)

..llntll" of vii'w: I'h_" +inll¢ subtctidcd I+x' lines th;it

p+i,_+_ ihroiilh Ih_" ¢¢iilcr of lhl" l¢n._ to di:inl¢ll+i -

¢:illv Ol_pO._il¢ cOl'liCit, of lhl" pI;il¢ or filnl ll._¢d.

I..%l

..li.llt.,ili'lllll I.._l): tlnil of lil¢:l+urc'iil¢lll, It)i 0 Itt. (;ll)

:lillOIIl:il)': :%11 ;Ir¢;I oil :lit i111:1_¢ III;11 difI'_'l_ t'roill

lh¢ ._tll'i'OUlldilll tlorill;il :lr¢;I. I:or ¢x:inll+l¢, :i

¢Olt¢¢itli':lliOlt of v¢lt¢l;iliOll withill :i d¢+_l'l+t

sCt'lW ¢Oll,%[iltllc's ;i11 ;ItlOlll;lly. {(,')

:lilnltlsllht, ri¢ whitlows: l_los¢ wtix_'lcnglh r.lilgt's

iil which P,idi:ilioil ¢;iil p:i+_s lhroilgh the ;llillt_-

._l_h¢rt • with r¢l:iliv¢ly litlk' :ilk'itu;ilioiv in the

opli¢;il i_ol'lioil of lh¢ ._p¢¢Irtim, _ll_l_l+oxinl-'ll¢l) •

t),.l-_'.-4. ,l.ti4.t), 4._'--4.0, :ind ?.t)-1.4.0 phi. Ill1

;lillenUllthln" In I'hy+i¢._, ;ill)' pro¢¢,_._ lit whi+h the

Iliix dcn,_il)" tot i+ow¢r, ,ilnpIiliid_', illlcn+it)',

ilhiltliii;iitl'l'l of ,i "p:il',ill¢l I+c':inl" ,of ¢11¢_-,) ° dl'-

ct_,;i._,+ with ilicr_,_isitll di,_l;itt¢¢ fFonl lh_' ¢n¢i-!_' ).

_otlr¢¢. (.'%)

..liltitud¢: l'h¢ alli','ill;ir oricnl;itioit of ;I rctlloi¢

s¢il+_illl ._)'._lt'iit wilh rt'sp¢cl Io _.1gl'ogr:il_hi¢;il

_'l'¢rcni'l" sx'sl¢iti. ((.'}

:li#iniulh: I'h¢ _'olnil,lli¢;ll ori¢ilt;itioll or" ;I lilil'

+_iX+¢ll ;i._ ;ill ,lli ltk" itl¢;l+tiF¢d ¢lockwi+¢ I'l'Oltl

nol'ih, tt'+

ii-icklround: ..'ltl.x" _'l't\'ct in ,i +¢lt.,_Ol" or other :lpp;ir:l-

Itil ol- +%lli.-lil, ;ll_Ovt, which the I'slli.'llOlll_.'llOII of

in1¢1¢,_1 inti._l iil:iilil\',_t ils¢lf b¢l\ll%" it ¢;ln be

obs¢l'vcd, tS¢¢ b:lcklrotllld noi._¢,) tA)

l|,iekllolinll hinliil:in_'l," Ill vi._ti:il-r:ill,.t'_, th¢tlry, the

hiillin-'iii¢_' tl_iilhtil¢+_,_l of the b;icklrotiitd _iT:lin_l

which ;i l-'i+¢l is vicwcd, t..t+

l|:lcklround illlim,: ( I I In rc¢ol'dhllt ;itid rCl+i'odu¢-

iti,.t', the Iol;il _)_I¢111 iloi+_¢ iltd¢l+¢ndcnl of

wh¢ih¢l + of itoi ;i ._ilil;il i._ i,rt'._¢lit, l'h¢ ._igll+il is

nol Itl t+t" in¢hidcd ,is p;il+t o1" the' noi+_¢, t._) lil

rt'¢¢iv¢i_, the ilois¢ in the ;ibS¢lt¢¢ of sign+il

inotltll_ilion oil Ih¢ ¢;irricr. ..%llil_i_'nl iloi_¢

d¢t¢_'t¢d, nl¢-istircd, oP It'¢ordcd wllh lh,- +_i_+,t;il

I_¢+ont¢+ p_irl of lli_' I_;l¢klrotilid llois¢, hichidcd

ill Ihi._ d¢l'inilioil is ih¢ ini¢l-f¢i+i'n+¢ I+¢._lillilll



frmn primary power supplies, which sepanitely is

cmmuonly described as Inun. /A)

Back.m.'atter: The scattering el ° radiant cne_:y into

the henlisphere of space bounded by a plane

normal to tile direction of tile incident radiation

a|)d lying ,an tile same side as the irtcident ray"

tile opposite el" forw:lrd scatter. Also called

I)ackscat t ering. (:_)

Band: t I '} A selection of wavelengths. (21 Ftx'quency

bantl. (3"1 Absorption 1):Ind. t4) A group of tracks

on a magtlelie drunl. (5') A r:lt)ge of radar

frequencies, such :Is X-band. Q-band. tic. (A)

lland-paxs filter: A wave filter that has a single

transnlission band extetlditlg fronl a lower ctltoff

fretltlellcy greater th;ttl zero In a finite upper

cutoff frequency. (A'I

Bandwidth: (I) In an a,atenna, tile nmge of fie-

quencies within which its perfcmnance, with

respe¢[ i'o SOllle Cll,lractel'is{ic. ¢oll['tlrlllS to ;i

specified standard. (2_ in a wave. the least fre-

quency itllerval outsi :¢ which tile power spec-

trum o{" a lime-ear.vine qu:mti{.v is everywhere

less than some specified fraction el" its value at a

rel\'rence f_.quency. 1,3) The nunlber of cycles

per seCotld between the limils of it ['retltletlcy

band. (A'_

Base-height faille: Air base tground tlistance Ix'-

twcen centers of successive overl:tpping photos/

divided by aircraft height. 'flits ratio determines

verlical exat/.gt'l..tlioll t)ll ,slereo lilt)eels. _(")

Ikltch processing: :\ nlethod whe_'by items ;Ire

ct)tletl ;llltl collecletl lille groups ;lliti lhetl

processed setluetltially. ( I)}

Ileanl: A fo¢llsed pulse of ellcrgy. [(')

Blacklmdy, black imdy <sylnbol bb u_l as sub-

script'}: An ideal emitter which rattiales energy

;it tile tlla.Kitl)tttl) po_,;ible rate per unit area ill

each wavelength for any given temperature. A

blacklsody also absorbs all the radiant energy

inci.lent upon it. ,No acttlal substance behaves ;is

a frue blackbody, althotlgh pl:ttintltl) black atltl

other soots rather clo._ly approximate this ideal.

In accordance with Kirchhofl's law. a blackbody

not only absorbs all wavelengths, but also emits

at all wavelengths and does so with maximun+

pc,m;ible intensity for any Wen temperature.

(A_

Blackl_)dy radiation: The electromagnetic radiation

emitted by an ideal blackbody; it is the theoreti-

cal maxinum) amount of radiant energy of all

wavelengths that cat) be emitted by a body at a

given teml_er:lture. The spectrai distribution of

I_lackbody radiation is descrii, cd oy Planck's

law and related radiation laws. (A'}

Brightne.'_,_: (1"1 The attribute of visual perception

in accordance with which all) area appears to

emil more or lem,; light, t2+ Luminance. OI The

lunlinous Ilux emitted or reflected per unit

projected area per unit _'_lid angle. The unit of

brightness, the lambert, is defined as brightness

of a surface which emits or reflects one/Tr lumen

per square centimeter per stcradian. (A}

Brightness temper:lture: t 11 Tile temperature of a

bklckbody r;Idiating the same aulotul! of energy

per unit area at the wavelengths under consider;l-

lion :Is IIIe obse_'ed body. Also called e;'l\'ctive

[etttl'+er:lltlre. (2) I'h¢ aplt, ai'_.II{ [etltperalltre of ;I

nonblackbody determitwd by measurenwnt with

:Ill optical pylx_ttlcter or radiotllcler. (:'k'}

Calibr:)lion: The act or process of ¢Omlsaring cer-

lain specific tllcastlretl)ents in all itlstRttllCtll

with ;I standitrd. I,A)

Camera, multiband: A camera that exposes dil'l\'r-

¢111 areals of erie film. or tllOlX" [hail one fi],ll.

through one lens and it b,,-am splitter, or two or

more len_'s equif, ped with different filters.

IO provide two or more phologra|',hs in differ-

ent spectral ballds, tA_

Call, fry: Each unit is assumed It) be of one alld

only one given type. The set of types is ¢ali_%l

the set tlf "'classes" or "'categories." each type

being a p-'_rticular category. The categories are

¢llosel) specifically by the investigator as being

the ones of interest to him. 4I)_
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Cathode ray tube (CRT): A vactmm tube capable
of producing a black-and-white or color image

by beaming electrons onto a sensitized screen.

As a component of a data-processing system, tile
CRT call be used to provide rapid, pictorial
access to nmnericul data. (B_

Cell: An area oll the ground l'rom which EMR is
emitted or reflected. (A)

Change-detection images: Images prepared by digi-
tally comparing two oriDn',d images acquired at

different times. The gray tones of each pixel on

a change-detection image portray the amount of
difference between the original images. (C)

Chopper: A device, usually one that rotates, used

to interrupt a continuotts wave signal in a trans-
mitter, receiver, or sensor. (A)

Class: A surface characteristic type that is o¢ in-

terest to the investigator, such as forest by type
and condition, or water by sediment load. (D)

Cl,',ssification: Tile procc_ of assigning individual

pixels of a multispectral image to categories.

generally on the basis of spectral rellectance
characteristics. (C)

Cluslering: The analysis of a set of measurement
vectors to detect their inherent tendency to

form dusters in multidimensional nleasurement

space. (B)

Color: That property of an object which is depend-
en! on the wavelength of the licit it reflects or.

in the case of a luminescent body, the wave-

length of lidlt that it emits. If, ill either case.
this li_lt is of a sinde wavelength, the color

seen is a pure spectral color; but if light of two
or more wavelengths is emitted, the color _all be

mixed. _,_qlite liL:ht is a balanced mixture of all
the visible spectral colors. (A)

Color balance: The proper intensities of colors in a

color print, positive transparency, or ne_tive.

that _vc a correct reproduction of the gray scale
las faithful as can be achieved by photographic

represcnt:_lion of tl_c true colors of a scene.) ',3._,

Color composite (multiband photography): A color
picture produced by assi.maing a color to a

particular spectral band. In Landsat, blue is

ordinarily assi_led to MSS band 4 (0.5-0.6 pro).
green to band 5 (0.6-0.7/am}, and red to band 7

(0.8-1.1 pro). to form a picture closely approx-

imating a color-infrared photograph. (A)

Color infrared film: Photographic film sensitive to

energy in tile visible and near-hlfrared wave-
lengths, generally from 0.4-0.9 pro: usually used

_ith a mint{s-blue (yellow} filter, which results
in an effective fihn sensitivity of 0.5-0.9 pro.

Color in frared film is especially use ful for de tect-

ing changes in the condition of the vegetative
canopy which arc often manifested in the near-
infrared re,on of the spectrunl. Note that color
infrared fihn is not sensitive in the thermal in-

frared region and therefore cannot be used as a

heat--:.:nsttive detector. (B)

Color temperature: An estimate of tile temperature
of an incandescent body. detemained by ob-

serving the wavelength at which it is emitting

with peak intensity (its color), determined by
applying the Wien law. (A)

Computer-compatible tapes: Tapes containi,lg dis-
tal Landsat data. These tapes are standard 1o.,:m

(7!i-in) wide ma,.metic tapes in q-track or 7-

track format. Four tapes are required for the
four-band mtdtispectral digital data correspond-

ing to one Landsat scene. (D)

Continuous spectrum: (!) A spectrum ill which

wavelengths, wavenumbers, and frequencies
are represented by the continuum of real num-

bers or a portion thereof, rather than by a
discrete ._quence of numbers. See absorption
spectrum. (2) For EMR. a spectrun', that exhibits

no detailed structun." and represents a gradual
variation of intensity with wavelength from one

end to tke other, as the spectrtun l'rom an in-
c:mdcscent solid. (A)

Contrast stretching: hnproving tile contrast of

images by digital processing. Tile original
range of digital values _s expanded to utilize tile

full contrast range of the recording film or" dis-

pl:,y cleric':. (C)
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Coordinates, geosraphical: A system of spherical
coordinates for describing the positions of

points on the Earth, The declinations and polar
bearings in this system are the latitudes and

longitudes, respectively. (A)

Covariance: The measure of how two variables

change in relation to each other (covariability).
If larger values of Y tend to be associated with

larger values of X, the covariance will be positive.
If larger values of Y are associated with smaller

values of X, the covariance will be negative.
When there is no particular association between

X and Y, tile covariance value will approach

zero. (D)

Cultural features: All map detail representing man-

made elements of tile landscape. (D)

Cursor: Aiming device, such as a lens w_th cross-
hairs, on a digitizer or an interactive computer

display. (D)

Data acquisition system: The collection of devices
and media that measures physical variables and

records them prior 'o input to the data process-

ing system. (B)

Data bank:A well-defined collection of data,

usually of tile same general type, which can be

accessed by a computer. (B)

Data dimensionality: _le number of variables (e.g.,
channels) present in the data set. The term "in-
trinsic dimensionMity'" refers to the smallest
number of variables that could be used to

represent the data set accurately. (B)

Data processing: Application of procedures-me-
chanical electrical, comoutation, or other-

whereby data are changed from one form into

another. (A)

Data reduction: Transformation of observed values

into useful, ordered, or simplified information.

¢A)

Decision rule {or classification tale): The criterion
used to establish discriminant functions for clas-

sification (e.g., nearest-neighbor rule, minimum-

distance-to-means rule, maximum4ikelihoodrule).
(13)

Density (symbol, D): A measure of the degree of

blackening of an exposed film, plate, or paper
after development, or of the direct image

(in the case of a printout material). It is defined
strictly as the logarithm of the optical opacity,

where the opacity is the ratio of the incident to

the transmitted (or reflected) light or trans-
missivity, T, as D = log ( !/T). (A)

Density slicing: The process of converting the

continuous gray tone of an image into a series

of density intervals, or slices, each correspond-

ing to a specific digital range. (C)

Detection: A unit is said to be "detected" if the

decision rule is abl. _ to assign it as belonging only

to some given subset of categories from the set

of all categories. Detection of a unit does not
imply that the decision rule is able to identify

the unit as specifically belonging to one particu-

lar category. (D)

Detector (radiation): A device providing an electri-
cal output that i,; a useful measure of incident

radiation. It is l'roadly divizible _nto two groups:

thermal (sensitive to temperature changes), and
photodetectors (:ensitive to changes in photon

flux incident on the detector), or it may also
include antennas and film. Typical thermal

detectors are thermocouples, thermopiles, and

thermistors; the latter is termed a bolometer. (A)

Dielectric constant: Electrical property of matter
that influences radar returns; also referred to

as complex dielectric constant. (C)

Diffraction: The propagation of EMR around the

edges of opaque objects into the shadow region.

A point of light seen or projected through a
circular aperture will always be imaged as a

bright center surrounded by light rin_ of grad-
ually diminishing intensity in the shadow region.

Such a pattern is called a diffraction disk, Airy
disk. or centric. (A)
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Diffuse reflection: The type of reflection obtained
from a relatively rough (in terms of tile wave-

length of the EMR) sun'ace, in which tile reflect-

ed rays are scattered in all directions. (A)

Diffuse reflector: Any surface that reflects incident

rays in many directions, either because of

irregularities in the surface or because the
material is optically inhomogeneous, as a paint;

the opposite of a specular reflector. Ordinary
writing papers are good examples of diffuse

reflectors, whereas mirrors or lfighly polished

plates are examples of specular reflectors in the
visible portion of the EM spectrum. Almost all

terrestrial surfaces (except calm water) act as
diffuse reflectors of incident solar radiation. The

smoothness or roughness of a surface depends
on the wavelength of the incident EMR. (A)

Diffuse sky radiation: Solar radiation reaching the
Earth's surface after having been scattered from

the direct solar beam by moleculesor suspensoids
in the atmosphere. Also called skylight, diffuse

skylight, sky radiation. (A)

Digitization: The process of converting an image
recorded originally on photogral_hic material

into numerical lbrmat..',C _,

Discriminant fimction: One of a set of mathemati-

cal functions which in remote sensing are

commonly derived from training samples and a
decision rule, and are used to divide the meas-

urement space into decision rc_ons. (B)

Display: An output device that produces a visible
representation of a data set for quick visual
access: usually the primary hardware component

is a cathode ray tube. (B)

Distribution function: The relative frequency with
which different values of a variable occur. (D)

DN: Digital number. The value of reflectance

recorded for each pixel on Landsat CCT's. (C)

Edge: Tile boundary of an object in a photograph

or image, usually characterized by a ratherdrastic

change in the gray shade value from the immedi-
ate ipterior of the boundary to the immediate

exlerior of the boundary. (D)

Edge enhancement: The use of analytical tech-

niques to emphasize transition in imagery. (A)

Electroma_etic radiation (EMR): Energy propa-
_ted through space or through material media

in the form of an advancinginteraction between

electric and magnetic fields. The term radiation,

alone, is commonly used for this type of energy.
although it actually has a broader meaning. Also

called electromagnetic energy. (A)

Electromagnetic spectrum: The ordered array of

known electromagnetic radiations extending

from the shortest cosmic rays, through gamma
rays. X-rays, ultra_olet radiation, visible radia-

tion, infrared radiation, and including microwave
and all other wavelengths of radio energy. (A)

Element: The sm',dlest definable object of interest
in the survey. It is a sin#e item in a collection,

population, or sample. (D)

Emission: With respect to EMR. the process by
which a body emits FMR usually as a conse-

quence of its temperature only. (A)

Emissivity: The ratio of the radiation _ven off by
a surface to the radiation given off by a black-

body at the same temperature: a blackbody has

an emissivity of 1. other objects between 0 _md
_. (B)

Emittance: The obsolete term for the radiant flux

per unit area emitted by a body, or exitance. (A)

Environment: An external condition, or the sum of

such conditions, in which a piece of equipment
or a system operates, as in temperature environ-

mont. vibration environment, or space environ-
ment. The environments are usually specified by

a range of values, and may be either natural or
artificml. (A)

Ephemeral data: Data that: (!) help to characterize

the conditions under which the remote sensing
data were collected: (2) may be used to cali-

brate the sensor data prior to analysis; (3) include

such inlbrmation as the positioning and spectral
stability of sensors. Sun angie, platform attitude.
etc. (B _,
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Equivalent blackbody temperature: The tempera-
ture measured radiometrically corresponding to

that which a blackbody would have. Most

natural objects including soil, plant leaves, and
water have emissivities greater than 0.9 but less

than 1.0. (A)

Exitance (symbol, M): The radiant flux per unit
area emitted by a body or surface. (A)

False color: The use of one color to represent
another; for example, the use of red emulsion to

represent infrared li#lt in color infrared film. (A)

Far range: Refers to the po_.;on of an SLAR image
farthest from the aircraft flight path. [C)

Feature: An n-tuple or vector with components

which are functions of the initial measurement

pattern variables or some subsequence of the
iveasurement n-tuples. Feature n-tuples or vec-

tot's frequently have fewer components than the
initial measurement vectors and are designed to

contain a hi#l amount of inlbrmation about the
discriminatien between units of the types of cat-

egorie_ in the given category, set. Features often
contain information about gray shade, texture,

shape or context. Also, a cartographic type in
digital fern1 appearing as part of the descriptor
in coded form (Feature Code). (D)

Feature extraction: The process in which an initial

tneasurement pattern or some subsequence of

measurement patterns is transformed to a new

pattern feature. (D)

Field of view: The solid angle through which an in-
strument is sensitive to radiation. Owing to

various effects, diffractions, etc., the edges are

not sharp. In practice they are defined as the

"'half power" points, i.e.. the angle outwards
from the optical axis, at which the energy sensed

by the radiometer drops to half its on-axis value.

(A)

Filter: (I, noun) Any r.laterial which, by absorp-
tion or reflection, selectively modifies the radia-

tion transmitted through an optical system. (2.

verb) To remove a certain componellt or compo-

nents of EMR, usually by incat:_ of a filter.

although other devices may bc ttsed, qA)

Filtering: In analysis, the removal of certain spec-
tr:d or spatial frequencies to highlight features in

the remaining image. (A)

Focus: The point at which the rays from a point

source of light reunite and .'ross after passing
through a camera lens. In practice, the plane in

which a sharp image of any scene is formed. (A)

Format: The arrangement of descriptive data in

descriptors, identifiers, or labels. The arrange-
ment of data in bit, byte, and word form in the
CPU. (D)

Frame: Complete tape of a single or muitidate
Landsat frame covering roughly an area about
100 nautical miles square. (D)

Frequency: Number of oscillations per unit time or
number of wavelengths that pass a point per unit

time. (D)

Frequency response: (1) Response of a system as a
function of the freqaency of excitations. (2) The

portion of the frequtncy spectrum that can be
sensed by a device w_thin specified limits of

amplitude error. (A)

Gain: t I ) A general term I,sed :o denote an increase

in signal power in transmission from one point
to another. Gain is usually expressed in decibels.

(2) An increase or amplification. (A)

Gamma: A numerical measure of the extent to

which a negative has been developed, indicating
the proportion borne by the contrast of the
negative to that of the subject on which it was

exposed. The numerical figure for gamma is the

tangent of tile straight-line (correct exposure

portion of the curve resulting from plotting
exposure against density. (A)

GCP: Ground control point. A geographical feature

of known location that is recognizable on images

and can be used to detennitle geometrical correc-
tions. (C)

Geocoding: Geographical referencing or coding of
location of data items. (D)
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Geometricaltransformations: Adjt, stments made in

tile image data to change its geometrical charac-

ter. usually to improve its geometricalconsistency

or cartographic utility. (B)

Gray body: A radiating surface whose radiation has

essentially the same spectral energy distribution

as that of a blackbody at the same temperature,

but whose emissive power is less. Its absorptivity
is nonselective. Also spelled grey body. (A)

Gray scale: A monochronle strip of shades ranging
from white to black with intermediate shades of

gray. The scale is placed in a setup for color

photograph and serves as a means of balancing
the separation negatives and positive dye images.
(A)

Grid line: One of tile lines in a grid system: a line

used to divide a map imo squares. East-west
lines it_ a grid sytem are x-lines, and north-south

lines are y-lines. (A3

Ground data: Supporting data collected on tile
ground, and information dem'ed therefrom, as

an aid to the interpretation of remotely recorded

surveys, such as airborne imagery., etc. Generally,
this should be performed conc,trrent!.v with the
airborne surveys. Data as to weather, soils and

vegetation types and conditions are typical. (A)

Ground tar' e: l'i;t distance from the ground track

(nadir) I • _!,. , object. (A)

Ground resolution cell: The area on the terrain that

is covered by the instantaneous field of view of

a detector. The size of the ground resolution

cell is determined by the altitude of the remote-
sensing system and the instantaneous field of

view of the detector. (C)

Ground track: Tile vertical projection of the actual

fit,tilt path of an aerial or space vehicle onto the
surface of the Earth or other body. (A)

Ground truth (jargon): Term coined lbr data and
information obtained on surface or subsurface

features to aid in interpretation of remotely

scnscd data. Grotmd data 2nd ,dro,,nd inform:ilion

arc preferred terms. (A)

H-D (Hurter-Driffield) Curve: A graph showing the
relationship of exposure to (photo) density,

where tile density is plotted a_',inst the loga-
rithm of the exposure (also known as charac-

teristic curve). (A)

Hardware: The physical components of a computer

and its peripheral equipment. Contrasted with

software. [D)

Histogram: The graphical display of a set of data
which shows the frequency of occurrence (along
the vertical axis) of individual measurements or

values (alert,- the horizontal axis); a frequency
distribution. (B)

Hue: That attribute of a color by virtue of which
it differs from gray of tile same brilliance, and

which allows it to be classed as red, yellow,
green, blue. or intermediate shades of these

colors. (A)

Illumination: The intensity of light striking a unit
surface is known as the specific illumination or

luminous flux. It varies direcfly with the intensity

of the It#it source and inversely as the square of
the distance between the illuminated surface anti

tile source. It is measured in a unit called the lux.

The total illumination is obtaitted by multiplying
the specific illumination by the area of the sur-

face covered by tile It#it. The unit of total
illumination is the lumen. (A)

Image: (1) The counterpart of an object produced
by the reflection or refraction of light when
focused by a lens or mirror. (2) The recorded

representation (commonly as a photo-image)

of an object produced by optical, electro-
optical, optical mechanical, or electronic means.

It is generally used when the EMR emitted or
reflected l¥om a scene is not directly recorded

on film. (A)

Image Enhancement: Any one of a group of opera-

tions that improve tile detectability of the targets
or categories. These operations include, but are

not limited to, contrast improvement, edge en-

hancement, spatial filtering, noise suprcssion.

image smoothing, and image sharpening. (D)
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ImageProcessing:Encompassesall the various op-
erations fllat can be applied to photographic or

image data. These include, but are not limited to,

image compression, image restoration, image
enhancement, preprocessing, quantization, spa-

tim filtering and other image pattern recognition

t,':hniques. (D)

Image Restoration: A process by which a degraded
image is restored to its ori#nal condition. Image

restoration is possible only to tile extent that

tile degradation transform is mathematically
invertible. (O)

Incider "ay: A ray impin_ng on a surface. (A)

Infrared: Pertaining to energy in tile 0.7-100 lam

wavelength re,on of the electromagnetic spec-
trum. For remote sensing, the infrared wave-

lengths are often subdivided into near infrared
(0.7-1.3 tam), middle infrared (1.2-3.0 tam), and

far infrared (7.0-15.0 tam). Far infrared is some-
times referred to as thermal or emissive infrared.

(B,

Infrared, photographic: Pertaining to or designating
the portion of the EM srectrum with wavelengths

just beyond the red end of the visible spectrum;

generally defined as from 0.7 to about 0.1 tam,
or tile useful limits el film sensitivities. (.A)

Insolation: Incident solar energy. (C)

Instantaneous field of view: (IFOV) A term specif-

ically denoting the narrow field of view desired
into detectors, particularly scanning radiometer

systems, so that, while as much as 120 ° may be
under scan, only EMR from a small area is being

recorded at any one instant. (A)

Interactive inmge processing: The use of an operator
or analyst at a consol,: that provides the means

of assessing, prcprocessing, feature extracting,

classifying, identifying, and displaying the
ori_n',d im.'.,gery or tile processed imagery for

his subjective evaluations and fiirther inter-
actions. (D)

irradiance: The measure, in power units, of radiant

flux incident upon a surf:ace. It has the dimen-

sions of energy per unit trine (e.g., watts}. (A)

irradiation: lhe imt)inging of EMR on an object or
surface. (A)

Ke:vin: A thermometer scale starting at at;solute

zero (-273°C approximately) and hauling 6egrees
of the s,,me magnitude as those of 1Jig Celsius

thermometer. Thus, 0°C = 273°K; 100°C = 373

°K; etc.; also called the absolute scale, thermo-
dynamic temperature scale. (A)

Kinetic temperature: The internal temperature of
an object, which is determined by the molecular

motion. Kinetic temperature is measured with
contact thernmmeter, and differs from radiant

temperature, which is a function of emi',sivity

and internal temperature. (C)

Kirchhoff's Law: The radiation law which states

that at a given temperature tile ratio of the
emissivity to the ab_orp, tivity for a given wave-

length is the same for ,all bodies and is equal to
the emissivity of an iderd bla:kbody at that

temperature and wavelength. This !mportant law
asserts that good absorbers of a given wavelength

are also good emitters of the wavelength. (A)

Lambertian surface: An ideal, perfectly diffusing

sqrface, wltich reflects energy equally in all
directions. (B)

Large scale: (I) A.crial photography with a repre-

sentative fraction of 1:500 to 1 : 10,000. (2) Maps

with a representative fraction (scale)greater
that) 1 :100,000. (A)

Layo)er: Displacement of tile top of an elevated
feature with respect to its base on the radar
image. The geaks look like "io-slope,;. (A)

Ligh:: Visible radlati ,n (about 0.4--0.7 tam in wave-
length) considereu in terms of its hlminous

efficiency: i.e., evaluated in proportion to its

ability to stimulate the sense of sight. (A)

Line, flight: A line drawn on a map or chart to
represent the track o/er which an aircraft has

been flown or is to fly. Tile line connecting the

principal points of vertical aerial photographs.
(A)

Lineament: A linear topographical or tonal feature
on the terrain a'_d on images and maps, which

may represent a zone of structural weakness, tC)
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Linear feature:A two-dimensional, straight to

somewhat curved (usually) line, linear pattern,

or aliLmment of discontinuous patterns evident
in an image, photo, a map, which represents the

expression of some d_,,ree of linearity of a single

or diverse grouping of natural or cultural ground
features. (Definition by N.M. Short.)

Look direction: Direction in which pulses of micro-

wave energy are transmitted by an SLARsystem.
Look direction is normal to the azimuth direc-

tion. Also called range direction. (C)

Luminance: In photometry, a measure of the in-

trinsic luminous intensity emitted by a source in
a #ven direction; the illuminance produced by

ligltt from the source upon a unit surface ar-a

oriented normal to the line of sight at any dis-
tance from the source, divided by the solid _rtgle

subtended by tile source at the receiving surface.
Also called bri#atness (luminance is preferred).
(A)

Map: A representation in a plane surface, at an
established scale, of the physical features (nat-

ural, artificial, or both) of a part of the Earth's
surface, with the means of orientation indicated.

_A_

Map, large-scale: A n:a0 having a scale of

I : 100.000 or larger. (A)

Map, medium-scale: A map having a scale from
1 : 100.000. exclusive, to 1 : 1.000.000. inclusive..

(A)

Map, small-scale: A map having a scale smaller
than 1: 1.000.000. tA)

Map, thematic: A map designed to demonstrate
particular features or concepts. 1"_conventional

use this term excludes topograpl .cal maps. (D)

Maximum likelihood rule: A statistical decision

criterion to assist in the classification of over-

lapping signatures; pixels are assigned to the
class of hi_est probability.

Mie scattering: Multiple reflection of light waves

by atmospheric particles that have the aporoxi-

mate dimensions of the wavelength of light. (C I
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Micrometer (abbr. tim): A unit of length equal to
op.e-millionth (i0 "6) of a meter or one-thou-

sandth (10 "s ) of c milli,neter. (A)

Micron (abbr. ti): Equivalent to and replaced by
micrometer; 10"6m. (A)

Microwave: Electromagnetic radiation having wave-
lengths between 1 m and 1 mm or 300-0.3

GHz in frequency, bounded on the -_hort wave-
length side by the lar infrared (at ! mm) and on

the long wavelength side by very high-frequency

radio waves. Passive systems operating at these
wavelengths are sonletimes called microwave

systems. Active systems are called radar, al-

though the literal definition of radar requires a
distance-measuring capability not always includ-
ed in active systems. The exact limits of the

microwave re,on are not defined. (A)

Mhlhnum distance classifier: A classifcation tech-

nique that assigns raw data to the class whose
mean falls the shortest Euclidean distance from
it.

Mosaic: An assemblage of overlapping aerial or
space photographs ol images whose edges ha_e

been matched to form a continuous pictorial
representation of a portion of the Ear:h's

surface. (AI

Mosaic. controUed: A mosaic that is laid to _ound

control and uses prints that have been rectified

as shown to be necessary by the control. (A)

Mosaicking: The assembling of photographs or
other images whose ed,3es are cut and matched
to form a continuous photographic representa-
tion of a portion of the Earth's surface. (A)

Multiband system: A system lor simultaneously
observing the same (small) target with several
filtered bands, through which data can be re-

corded. Usually applied to cameras; may be used

for scanning radiometers that use dispersant

optics to split wavelength bands apart lbr
_,iewing by several filtered detector's. (A)

Multichannel system: Usually used for scanning

systems capable of observing and recording

several channels of data simultaneously.,, prefer-

ably through the s_me aperture. (A)



Multispc_tral: Generally used for remote sensing ill

tWO or more spectral bands, such ,ts visible and

IR. (A)

?,lultispeetral (line) scanner: A remote sensing de-

,,'ice that operates nn Ill,.' same principle as the

infrared scanner, except that it is capable of

recording data in the ultraviolet lind visible

porlioP,._ of the spectn|nl as well as lhe hi flared.

(.'\l

Mt, ltivariate analysis: A data-a,mlysis approach that

makes use of |ntdlidJtllensional interrelations

and correlations wflhin the data for efl\'ctive

discrimination. {B)

Nadir:(I) Tha,t point on tile celestial sphere ver-

tical[.v be[ow the observer, or [g0 ° from tile

zenith. (2) That point o,i tile ground vertically

beneatl| tile perspective center of tile caltlera

lens. (A)

Nautical mile (abhr. knot): A unit el'distance used

princip:dly in n.'wigatio,i. For practical naviga-

tion it is t,st,ally considered the length of one

minute of any great circle of the Farth. the

meridian being the great circle most COIttllIOII].V

used. Also called sea mile. (A)

Near range: Refers to the portion of an SL.kR

image closest to the aircraft flight path. {(')

Noise: Random or regular interf,:ring effects in tile

data which degrade i',s intbnnation-bearing

qu:dily. _Bt

Orbit: The path of a satellite around a body under

tilt. inl]uencu of gravity. |(')

Overlap: The :trea cOtlllllOll Io two stlccessive

i_hotos along tile S/.lllle flight strip; tile ;.ttllOlllll

of o_,,'erl;ip Js expressed as at perCelllage of photo

area. Also c;|lled t|ldlap. I..\)

Overlay: Ill A tr:msparent sheet gi_ing informatio|l

to supplcnlent that shown on maps. When lilt'

overi:|y is laid over ti_e map on _hich it is b;.lsed.

its delails will sl|plqenwnl lh¢ map. {2) ..\ Ir._cing

of selected dcl:tJls on a I_hotogr:|tq|. mosaic, or

lllap [o presc,lttileinterpreted t'¢:.Itllresdlld tile

i',etttnentdetail. {;\)

l'anchromatic: Used ior hln_s that are sells/live to

broadband (e.g., entire visible part of spectrum)

I'.'MR. and for broadband i_hotographs. (A)

Passive system: A sensing system that detects or

measures radiation emitted by the target. Com-

pare active syslenl. I,A)

Pattens: I.ll h| a photo image, tile rcgularit.v and

characteristic placement of tones or textures.

Some descripti¢c adjectives Ibr patterns are reg-

ular, irregular, nmtlonl, cortcentric, radial, and

rectangular. 1,2l The relations between any

|nore-or-le_ independent parameters of a

response, e,g., the patterr| ill the frequency

dolllaill of tile resl'!,Otlse from ;111 o['_jec[. (m)

Pattern recognition: Concerned with, but not

limited to, proble,ns o1":

I. p;,ttcrn discrimin:ltion.

2. pattern cl:|ssification,

3. feature selection.

4. pattern ide|ltificattion,

5. cluster identification,

O. feature extraction.

7. I_reprocessing,

S. filteriug.

t) enhancellletl|.

10. pattern segmentation,

11. scrccnin,.:. (1)_

Perspective: Represenlation, Oll a plane or curved

surface, of natural objects as they appe".r to the

eye. IA)

Photogr:,mnwtry: The art or science of obtaining

reliable ille;.iStlr_2111elltS, by means of i_hotogra -

phy. {A}

Photograph: A picture ftmued by the action of light

on a base n|aterial coated with a sensitized solu-

tion that is chemically treated to fix the image

points al the desired density. Usually now taken

to mean the direct ,|orion of EMR on the sensi-

tized n|aterial. Compare image. [A)

I'hotographie interpretation: "Tile act el" examining

photographic images lbr the purpose of identi-

13'ing objects and judging their significance,

I'hoto interpretation, i,hotointerpretation, and

image interpretation ,ire other wi'dcly used

terllls. _A]
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l'ik'h: I/,tilillion til" ;Itl ilirer;ll'l ;l|+oill the ilorizocllill

;l\is IItirlll;l] It+ its Iotll.titilditi;ll ;lxis, +hi,.'h emls,.'s

;I Iltis¢-IIP IIos¢-down :lllillltl¢. ((')

Pi_'ltirc: l_tL'pr¢mct111iliott of :I ,'+_'¢(t¢ by :1 l+hoto -

,_ri11+hi¢l+L+nitive l,rml tlr tl':lliSllilrctiev,m:ide

1"1o111il lleFt;itiv¢,prodtl_'_.d by IIIL'dir¢_'l :t+'tiotl

of ,i¢lilli< l++isible) lighl t+r I{._II,}otllside lhe

visible I_+IFIof lhe ,'+.I+_'L'II'tlIII;llld¢OtlVel'led into

vi+_ibl¢I{._IR b.x';m Ol+Ik';11-m¢¢hllili¢:ilor wholly

ele_.'trt'mi+c s¢itllti,.'r, t.&/

I'i\,.'l: II)erived t'rom "picture element.'"l .._ d;I(:l

eh.'nlcnl h:l_,inIt I',tllh sl'_;lli;ll ;lllll sPe+clr:ll ;Isl'jcets.

I'he sl',_tli;ll v;triitl+h.' ,,h.'filles Ihe ill',l'_:tr,.'ni size of

lhc res,+hlli++ll _'cll li.e., lhc ill'i'll tell lhe ._l't+tllid

rcl,reS¢llled by Ihc' d;llll v;ihlesl, ;llld Ihe sp¢¢Ii:ll

+;iri+iblc del'hles lhc inlcllsil)' _ll' Ihe spl'l'li';il

i'e.,il,Oll.,ie I+_r Ih,il evil ill ,i I,+ii'lil'lil,ir ¢lllinnel. Ill)

I'lllltek'._ L;Iw: ._ll exl+l't'ssioll I'or Ilk" vilri,ilioll iH"

lill_ll_i<hl'L+ili.llic ciilill;in¢¢ I¢llli,_sivc i_owl'i ") ;is

;i flill¢l iOll of x+,iv¢lell_lh of bl:lekbod.x i"-idi:llillll

.il .i ._',i+cll I¢liil'Cr;llillt'; il i._ lilt, liil_.,+l fiindliinl'll-

I,ii o1' lhl' i':idi,ilioil I,ix_,s. tAI

I'ol.lli/;iliull: I'h¢ dir_'<Iioil o1" vibt;lllt+ll o1 the

cic+'lrk'_i] Iiehl vet'lor ill" cit't'll'tilll,l_llt'lil" r;llhil-

{,<,ii. Ill .St \l_ ,,,,,,ll, l_ pt_l.lii+,,,lll+il i,_ ¢ilht, I+

htlri,,oiil;ll lir verlit'.'il. It')

I_i'l,_-i._illil: ..\ illt,,iSlll+t • ill" lilt" diSl_¢lnitlll ill' lil¢

v,ihies i_bselxed xxheil llie;iSllllll_ .i eh_ii'_l_:lel'isli¢

ill qlt'ltlt'lilPi ill ,i lltil+ill+ilitlll. I'll\" <liislciiiil t ill'

+_.lilll,ll, v;ihk'.,i ,ibt+lll Iheir ll_,_..ll ;ivt'lil_e. tl)l

PuL, it,: t I I :_ x,iti,itiol_ Of ,I qtiiinlil) xvlltl,_' vliitlc is

I+l_l lit,ill)' +'liii_il,lill ; Ihis V;llldl it_lt is eh;il':l¢lOrizetl

I,y _l I'i_e ,iild ,i de¢:ly, iiild ll;is ;i Iinil¢ dur;ilioil,

I}l ..\ slil_il bili_il ill' I:_11_, Irilii+ililllod b)' Ihc

r;Id,lr, I "\)

l(:ld:ir: A¢i'oilXlil t+ol+ t';idit+ delt'¢tioti ;iiltl i',iill.tili,lt.

.._l ili¢lhtid, s)slCili ill' I¢c'hililliiC, iii_'hidhlit ¢llili P-

illetll ¢llllll_Ollt'llls, t_+l" ti._ill+ be;titled, relle¢led,

,illtl l illled F.%I II I_) tlt'l¢<l, lot';lie, ,liltl lilt) Ir:ll'k

oble¢ls, tl+ iiit',lStll't" iilliltid¢ _lilll [tl ;ic'l|tiir_' ii

Icrr;liil ilii;i_c. Ill rciIIt'+l¢ scn.,iin_ t)l" Ihc I;iirlh's

i_r .I I+l',ltl¢l;It') . Sill'\+liCe, it is tlsed I't'lF lileilSilFiill_

,ind, oll¢ii, iii,ll,l,illl_, tit," Pi,';lll,',_i,';:.t ,'_i..,...... ,+rl.... ,,.

I+l" Ihe _tlll;let'. tt.._l)

l{:idiif lll, alil: Hit' v_'rti¢:ll I,ill-sll;ll+Cd bl';iill tit" t-M

,ii?r.,+'.v I,_+thi¢¢d hy the F;lil;ll" ll';lll_lliiller. (A)

re+ill;it ._ih+illow: ..\ dilFk illt, il tll" iltl I+t,lllPn on :1 I+lldlir

iilt;igi, lh;il extends ill the I'iir-r;inll" dirl'¢lil+il

I't_ili iiii t_ly_,_'l t_li Iht' lePr+ihl Ill,it inlei'¢¢l_lS Ih¢

i'iitl:il" bt'-'li|l. I('_

I{'llli-'lnel': Hie ;l¢¢Cltied Ierill I'or r:ldLinl t'hi_ ill

pt)wcr iliili.,i (¢.It., W} ;ind illll I'or I]lix den.+iilv

pep .s_lid ;Jill'+It" tt',l., Ill' ¢111 ; ,,il'" I i its ol'leil foliild

ill r¢c¢iil llullli¢;ilitliis, I..lll

Iliilli'illl IlilX" Hie linlc r;lle t_f lh¢ Iltlw _1" riillililll

Cllt'llt)'; rildililtl t+tlwer, till

R;Idi:uil llllwvr: I,_;ll¢ ill' c'll,illItt' ill" r:ldi-'lnl ¢llvr_)"

svilh lime, M,l)' be fllrther gtl;llit_¢d ils sp¢¢tr'-zl

l'+;Idl_lll| I+ower, ill i.I _iVqll w;IX't'lt'tl_lil, (:Ii)

r..liliilnl It'lllllt'r:lllln,': ('tlll_'t'nll'illi_ln i_l" Ili¢ rlldiillll

fhi\ Iroill :i nl;ilei'i;il. Riidiiiill leillper:illire is Ihc

I,i't_thli'l ill + lh¢ kineli_" I¢iiil+er;lliirt" ililllliplied

by the ¢lllis+,+,i+,'iiy ll_ Ihe tvlt,-I'otirlh i_t+'ivt't ", I(')

II:ltli.'lliOn: ['tic ¢lliiSsioii ;llltl prOl+;lIt;ltit_ll o1" ¢tlC_X.

Ilii+t_tiItli sp;i¢¢ fir I!iit+ii_li ,i ili;llOri;il illolliUlii iii

Ihe I'tli'ill tH" x_;i_,'¢s; t\lr ¢\;illtpll', lilt, eiil{._,i{tiil

,llltl i_ltll_;ill-'ilitlli ill" I;._1 _,Vll't.'t'S, tll" tll" _l)lllld _illd

¢l,islk" w;wt'+. I'h¢ I_i'l+<t's_ of eilitllillt r;Itli;llll

¢ Iler_)', I.-\i

II,ldiiuliClcr: ?ill ilislrillllCill I'tll" gti,iizliliv¢l+v IIl_'il_-

tii+illl Ihe illlt'ilsil) o1' I:,%11{ ill St_lill" I_:iiltl of

_,iv¢l¢ll!;lli+ iii ,lit\ + i_ilrl ltl" Iht" FM sp¢_'lrillil.

t_sulilly used wilh ;i ilit_tlil]er, stieh ,is ;ill IR

iililitililt, lt, I+ill- il Illil-I+OVl-;ivt • i.iltlitilllt-lt-i.. I.-_i)

I_:illilllili_lti¢ elll'ri-t'liliil: t'l_i'i'c¢liill lliill ',lllll tll+l_¢!

V.l[iiilitlil.,i in _1_ dill,i, i_l'lil't'diirc ¢,llibi+illes ,ind

¢t_trt'¢ls Ihe riidi;iiioil dlil',i iq'olid¢ll I+%' lht,

I ,Iml,,i-'ll S¢llStir d¢let.'lol.'_.

II,ililll" llil'l'l'lillil: I:_r r;hl;irilii;iItl's Ihis i_ the direr'-

litql ill _vhi¢h eilei_v is ll+;lilsillilled I'etllll Ihe

.inll'liilli .ind i.,i iltiFilllil Ill Ih¢ _iLhllulh dirv¢ii_ln.

:%lst_ ¢;111¢d it_t_k llire¢llt_ll, t('l

I_:i)'k'ilh-Jt,-'ln,,i _iw: Aii ,il_l_ro\inl;ilit_il l_l I_l..inek'_

I+iw I'llr bl;i¢kl_ody r;idi;ilit_n v;ilkl in Ih¢ It/lli,t,r

lilli_'rt_w;ivcl w:i_'eletl_lhs. |I is ;ihnt_sl illwliv._ _1"

_lii'l]ciclll .i_'l'lir;i_'x' I'or ¢,il¢ill;ilions in Ihe r;idio

,ilid illi¢i'ov,ii',t" l't'_iollS of Iht' Sl_t'¢ll+tiill. I+'_i)
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Rayleigh.,a.'alicring:'llle wavt,lt,ngth-dependt,nt scat-

It,ring of t,Jt,clroln;lgllt`lic r;idi;llion by particles

in tilt, :lllltt)s|)llt`l_" Illtlcll sltl,lller th;l[1 (ilk' w_.lv_.'-

It`ngths sc;ittcrt,d, tBI

Rcal-aperturt, radar: SI.AR svstt,ul in which azi-

nlulh n.'solution is dt,lcrlnincd by the physic;ll

lt`llgth of lilt" :itlll.'tlil,i :itld by lilt, wip;¢k'llgill.

i'h¢ r;idar retlirns ;),n.' rt`cordt`d directly to) pro-
dtlc¢ inlagcs, Also caik'd brtllt,-l\)rct, r:ld;Ir. ((')

Reill lime: Ti/ut, in whicii rcl')orling (`'in t,v¢/lls t)r

rt'cording of t,%'t`nls is silnult;mcolls with lilt"

t,venls. For t,x;Inlplt,, tile _'al linlt, Of ;I salt,llilt,

is tht, tilnt, in which it simultallt,ounly rt`porls its

cilvironmt`nl ;is it cllcOmllcl_ il ; lilt" rt,al limt, of

;I conll_uter is the time during which il is ,wet,pi-

ing d,ll;I and pcrl\')rluing Ol')t`r;iliOllS c)n it. tAI

Rcl'leel;nlci':Fhe ratio of the radiant cnt,rgy rt,-

t'lt,ctt,d by :l body to th',ll incidt,nt upon it. I'ht,

stiff'ix {-;itiCC')imPlics :l I'q'ol'tertV of {hill piirlicU-

lar spt`cinlcn surf act,. {A)

Rcflecliou (I'MR Ihcory): I:.MR nt,ilhcr absorbed

nor transmitlo.I is i_'l'lt,ctt'd. Rot'It,tilt'in may bt,

dil'l'ust, u,'ht,n lh¢ i/lcitl¢/l[ radi.'llit')/i is sc;iZl¢/x'd

ii|+(`')ll ['K'itlg rct'lcctt`d I'roiil lilt" silt'l';.iCk', c)r

Sl')¢clli;ir. wht'it all or iliC)sl ;lllgll's ill" rt,llt'clion

;Ire eqti;l[ tO lilt" ,iil l_[t` Ol" illCidt,liCt`. (A)

Refleclivity: A l'nnd;nncnt;ll prol')crly c)f ;i m;llt'rial

llliit [I;is ,i _'i]t'cling ,_Hl'l'iict` ;llld is stiflicicntly

lllick h') bt" opaquc. Ont' may further qualify

il ;Is .,;pcclr:il rcllcclivily, l]Ic stil'l]X (-ily)implies

;I I')ropccrty illtrilISic with a given matcnal, a

limiling v;flut,, iA')

Refraction: Hie bending of FMR ra._s whcll {ht`y

p.;ISS ['rOIli Ollt` Illt,dillIll iil[O illlt")lht`r hilvin_, ;i

diffcrenl indt,x of n.,fr,lclion or diel,.'clric co-

,..'l'ficit,nt. I'[MR rays ;list+ Iwnd ill mt,tli;I lh,lI

h;p,'e continuous v,lri,llit+llS it1 lht'ir indict's of

rt,fraction or dit`lcctric cot`l'l'iclt,lils. (._)

Re$islralion: rht, proct,ss of geonlctrically aligning

two (.11" 11101'%."s_.°ts tit" iillilgC tJ,illl SilCh (hiil rt`solti-

tion ccctls for ;l sillS[co grotind :ircca can bt, digitally

or viS).l;illy su|_¢rposed. I);ita bcing reltistcrcd

illiiy I1¢ c)f the s;.llilt` ly|',,', from very tliffcren[

kinds tit" .'icliso'r:,i. or collected iil diffcicl;l :imcs.

till

Rcnlole .,icillinf: Ill llim broildt,s[ S¢ilSt,, tht, ill¢-'istlrk'-

lilt,ill O1" ;iCqtliSiliOll of illforill;llioll of SOlll_."

Prol+¢rly of ;111 obj¢cl tlf llil¢ilOill¢ilOIt, I+y ,i

recording dt`vicc thai is nol in physical or mii-

ill;ill` conl,lcl wiih Ihc object or phc'llOlilenoll

uildt`r sltidy, t`.g.. Iht` utilization al a dislanct`

tits t'rolil ;.ill ;iircr;ll'i. sp;ict`cr;ifl, or ship1 of lilly

device ;ind ils ;tilt`lid,till diSld;iy lilt" g;llhering

illlorllt;llion pt`rliilt`lli to Iht` t`nvironilit, ill, such

;is lllt`ilSlirL'liiClllS of ['orct` fields, _.'lt`cll'Oillilgllt`lJc

I;idi;itioll, or aCOilstic t,nt`rg)'. 'Hit` lt`clllliqtlt,

t'nlpioys SllCll dt`vict`s ;is lht, c;inlcva, liisers. ;illd

radio I'reqtl¢llCV rt`ct`ivcrs, r;id;ll" sySl¢lliS, SOihlr,

s¢islnogriiphs, gF,ivililt`lt`rs. Illiib'nt`lOlllt`lt`rs. ;illd

scintill;ilioli COlliilt`r_i. IA)

lit.'_iolulion: ['ht, ;ibility of ,ill t,illirt, rt,lllolc st,nlsor

•;)sl¢iil, includinl_ Ii, il.s, ;llllt'illl;l¢, dispI;ly, ex-

pOSlll't,, processing, lind olhl.r I'ilclors, lo rl'lldt,r ;i

sharlqY defined inlalt`. II illily II_ t`xprt`ssed -'is

lint p;iirs pcr nlillinlcit`r or lilt`ler, or in Ill,llly

olht`r w;iys. In radar, it`soltilioil usually ;ipplit`s

Io Ih¢ t'l'l'¢clivt' b¢liiii-widlh iiild r;iilg¢ iile;i.,iur¢-

rot`Ill widlh, ofl¢ll dt`fint`d ,is lht, half-ilowt`r

poinl:i. For infr;ircd lint sc;iilners lht` rcsohilion

Ili;iy bt` t`xprt`sst`d ;is Iht` iii.,il;iill;lilt`Otis field ol"

xit`x_. I{t`:_)hiliOll lit,iv ;list+ bt` t`xprt,sst`d ill lt'rlllS

o1" It`iiiperiilllrt` or oiher i_hysic;ll i+rtll_t, rl.%• b¢iiig

illt`iiSlll'c'd. I Ai

Rcm)hllion ceil: I'ilt, s£1i;illt,sl ;ir¢;l ill ;i .let,lit con-

sidcrcd :is _i uilil of d;il;i. For L;iiidsai-I ,illd -2

Ih¢ tt`sohiliOll cell ,ipproxiillales ,i rt`cl;ingtil;ir

gltltiild ;11¢;i ill" 0.-14 h¢clilres or I. I ;ici'¢s {st,,¢

pixcl, iil.,,l,illl,illCOu.'i I'icld o f vic_vl, t Ill

Rcsl.Slrahlcli lll-.,iillii;il) r:iys: l'hc difference in

inlt,ilsilit`s or r,idi;lllCt` ;11 ct`rlaill frt`qllcncit`s

Iw;iv¢lenglhsl b¢lwet`ii Iht` spccial Sigltilltirc.s for

ihc idc;il I Iwrf¢cl blackbody i ;nid ;icltial t`inission

CllD.t,s o1" ;I Sil|+Sl;lllO.'.

llt'iilrli I)l'=llll viliil'lili IRBVi: A nlodificd vidicon

Iclt`_ision C,lllll'rii llibt,, in which Iht` otilplll sig-

il,il is dcrivcd froill Iht` dcpIclcd t`l¢clron bt`;iiii

rcllt`clt, d fronl Iht` lubt` largt`l. ['ht` RIIV _;iil hi.,

coilsidt`rt`d ;is ;I cross bt`lwt`t`ll ;i vidicon illld ,111

orlhicoil. RliVs I+ro'¢id¢ highest rt'sohilioil "I"%'

illl,igery. ;iild ;irt' tised in Ih¢ I{RI'S t[;ind_it)

.,erws. t X)

Roll: I_olaliOll of ;in ,lircr;ifi ;iboul lilt Ioilgiliidiil;il

.i_i:; 'o ¢;lli:.:c ;: ":,i:'g ill _, or wiil_-doxlil ,;llilt.'d¢.

I('l
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Rt)ughne_,_: For I';Id:U" hll;lges this term des¢ribes

Ihe ;IVel';Ige vcrlic;,I relief of small-scale irregular-

ilies of lhe lerrain surface. It')

,_tnlpl¢: A sttbs¢l of a pol_ulalion s¢lecled to obl:ml

il_l\)rm:liiol_ ,.'OIIO,.'l'Ilillg |he ch:mlclerislics of Ih¢

population, tl)/

S:lmpling nile: l'he lemporal, sp:llial, or spectral

r:lle ill which iIl¢:.lsllrenlcl)ls t)f physical quart-

lilies are lakell. Femporally. _uupling v;iriables

may describe how often t.lillil :.ire collected or Ihe

r:lle ul _vhicb :m :malog sigmll is sampled For

conversion It) d igilill I'ornlill _ the spalial s;m_pling

r_.ll¢ describes tile tlt,mlber, groillld size..1rid

pO.',,iliOII of ;li'e;IN where speclr:ll Ille;.lSllFk'lll¢Ill$

;ire made; tile spectral _uupling rale refers to

Ih¢ lee;ilion :illd xvidlh of Ihc sensor's spe¢tr;ll

ch;umcls xvith respect Io Ihe ¢lectrom:lgnetic

speclrum. II1)

S4.':lle: I'he i-:.llio of ;I disl:.lnc¢ oil :.1 phologr;lph t)r

Ill_.i l) It) i|s COl'rCspOIIdillt_disl;lilce OIl |lIe grotilld.

I'he scale of a pholograph xaries fl'OIII pohll to

pohlt b¢c;Itlsc of tlislll:lC¢lllenls C;lllSed b 5' till

;,rid relief, bul is usually t:lk¢ll ;is I'/11. where I"

is Ihe princip;ll disl;mee (focal length) of lh¢

cklill,...r:i ,Itld II is the hei,.:hI of the c:uucr:l al,o_..'

Ine,_lll grollild ¢lev;.iliOll. ,_ckllc Intl'*, ' I_,: oX.pl'ess,?d

as :l ratio 1:24.l)t)0: a r¢l)rcsclil:ltiv¢ Fraction,

1/24,1)110; or an equivalence. I i,I. : 2,t100 ft.

._¢_':111 1i11¢: I'11¢ n;ir1"ow strip ,)11 Ih,." ground tit;it is

sxvepI I'_ lhc" insl;liIIaneous tieh.l of vb.'w of ,I

dvtector in ;Isc:I1mersysI_.'m, It')

.fc_,-;tluler: I Il :%ny |levite Ih;ll so;ills. ;llltl thus pro-

dtices ,li| illl;.lt_¢, S¢¢ SC;IilIUll_ r, ldiOlueter. (21 :%

l';Id;IF S¢I illCOrpor;lling ;I ro|,ll,.ll'_le ;llltenn;.i. of

r;idi:llOr _,,h.'llleill, iiiOltlr dl'lVeS, iiiolllllillP., elc.

for dircctillg .l sc;ircllillg i';kl.lr be;inl thtotlgh

S[),IC¢' ;llld illll't:ll'|illg t;Irge! illl'OillldtiOll |o ..lit

itld iC;llOl', I:%1

_':lnning r:ldiouleler: A r;k_iomctcr, x_,hich by the

tlSc" of ;1 I'tll;.llill_ or oncill,ilillg pLllle nlirror, C;lll

_;¢;1i1 ,i p;ilh norin,iI Io Ih¢ illo,,i.'lll¢lll of the

i;id ioi)lt'll'r. I.\l

•:attering: t I ) l'he process by which small p;irlides

suspellded iu a ulediulll of a dit'ik'reut index of

refraction diffiise :l p, lrlion of the incident

r:ldiatiou in :111 directions. 1,2) The process by

which :l rough surf;ice reradiates FMR incident

ill)Oil it. (A)

,_'ene: In a p;issiv¢ r¢111oi¢ sellsing system, ev¢l'y-

lhillg o¢¢urriug sp;llially or tenlporaUy before

I1_¢ seusor, iucluding tile I-arth's sutfao:, the

energy .'_.mrce and Ihe ;llnlosphere, Ih_ll lhe

uuergy p:lsses through as ii travels I'rom ils

source It) the I:.;irlll ;llld I'l'oln the l'.'arth It) the

sensor, tli)

SeusitiviI),: The degree it) which :1 detector re-

sponds to el¢ciroillagn¢li¢ energy incid¢l_t upon
it. tt')

•_,'nsor: Any device ill:it gathers energy. F.MR or

oilier, couverls il inlo ;i sign:il :lnd presenls it

i/I :l form suilabl¢ ftir obl;iining illforul;lliou

;lbOtiI Ih¢ ellviroillll¢ill, I.<%/

Sidelap: File cxtelll of !:lter;ll overlap between

iinages :lCqUir¢d on :idiaeenl flight lines. (('1

Sigi):il: I'he efl'¢cl le.g., pulse of ¢l¢¢troulagneli¢

eil¢l'g.%'] ¢OilV¢%'¢d O%'¢I :l COIIlllllllli¢;llitlll ptllh ol

sysi¢ill, Sigilals ;Ire received by lh¢ .S¢llSOl" I'l'oln
Ih¢ see)it ;lild COllv¢rled It) :iilolhor l\)rlil l'or

lr:lilsn)ission Io lh¢ processhlg sysleill. ILl)

,_ignal-lo-noise ratio: The ratio of tile Icxel of the

infoHilaliOll-beariilg Siglla[ power Io Ihe level of

the llois¢ po_er. Abbrevial¢d as SIN.

Sigllaliire: Auy ,.'h;ir:l¢terisli¢ or series of eh;ira¢ler-

islics b 5 which a n|alerial may I1¢ recognized in

;Ill iinage, pholo, or d;ll;l set. See alsl) Sl)eClrill

Sigll;llUr¢. I :%)

Sigil;tlitl't" ;tU,'llysi.I iechlli(lUt.'s: l'cchuiqileS Ih,ll use

Ihe v;iri;ilk)a ill Ihe sp¢clral I'¢fl¢clailce or enlil-

I;111c¢ of ol_.iecls ;is :i ill¢lhod of id¢il',ifyiilg lhe

,q_i,','!_. l.%l
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Signature extension: The use of training statistics
cbtained from one geo_aphical area to classify
data from similar areas some distance away: in-

cludes consideration of changes in atmosphere,

and other geographical and temporal conditions
that can cause differences in signal level for

single classes of interest (see spectral signature).
(B)

Smoothing: The averaging of densities in adjacent
areas to produce more gradual transitions. (A)

Slant range: For radar images tiffs term represents
the distance measured along a line between the

antenna and the target. (C)

Software: The computer programs that drip,, tile

hardware components of a data processing sys-

tem: includes system monitoring programs,
programming language processors, data handling

utilities, and data analysis programs. (B)

Spatial filter: An image transformation, usually a
one-to-one operator used to lessen noise or
enhance certain characteristics of the image.

For any particular (x. y) coordinate on the

transformed image, the spatial tilter assigns a
gray shade on the b'_si_ of the gray shades of a

particular spatial pattern near the coordinates

(x. y). (D)

Spatial information: hlformation conveyed by the

._patial variations of spectral response (or other
physical variables) present in the scene. (B)

Spectral band: An interval in the electromagnetic
spectrum defined by two wavelengths, fre-

quencies, or wavenumbers. (A)

Spectral interval: The width. _enerally expressed in

wavelength or frequency of a particular portion

of the electromagnetic spectrum. A #yen sensor

(e.g., radiometer or camera film} is designed to
measure or be sensitive to energy received at the

satellite from that part of the spectrum. Also
termed spectral band. IA)

Spectral reflectance: The reflectance of electro-
magnetic energy at specified wavelength inter-

vais. (C)

Spectral regions: Conveniently designated ranges of
wavelengths subdividing the electromagnetic

spectrum; .for example, the visible region, X-
ray region, infrared regicn, middle-infrared

region. (B)

Spectral response: The response of a material as a
function of wavelength to incident electromag-

netic energy, particularly in terms of the measur-
able energy reflected from and emitted by the

material. (B)

Spectral signature: Quantitative measurement of the
properties of an object at one or several wave-

length intervals. (A)

Spectrometer: A device to measure the spectral
distribution of EMR. This may be achieved by a

dispersive prism, grating, or circular interference

tilter with a detector placed behind a slit. If
one detector is used, the dispersive element is

moved so as to sequentially pass all dispersed

wavelengths across the slit. In an interferometer-

spectrometer, on the other hand, all wavelengths
are examined all the time, the scanning effect

being achieved by rapidly oscillating two, partly
reflective, (usually parallel) plates so that inter-

ference fringes are produced. A Fourier transform
is required to reconstruct the spectrum. Also

called spectroraaiometer. (A)

Specular reflection: The reflectance of electromag-

netic energy without scattering or diffusion, as
from a surface that is smooth in relation to the

wavelengths of incident energy. Also called

mirror reflection. (B)

Stefan-Boitzmann Law: One of the radiation laws

stating that the amount of energy radiated per
unit time from a unit surface area of an ideal

blackbody is proportional to the fourth power

of the absolute temperature of the blackbody.

(A)

Steradian: The unit solid angle that cuts unit area

from the surface of a sphere of unit radius
centered at the vertex of the _lid angle. There

-".req.-r _te."',dians in a sphere. (A)
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Subtractivecolorprocess: A method of creating

essentially all colors through tile subtraction of
light of the three subtractive color primaries

(cyan, magenta and yellow) in various propor-
tions through use of a single white light source.
(A)

Supervised classification: A co,nputer-implemented
process through which each measurement vector

is assigned to a class according to a specified
decision rule, where the possible classes have

been defined on the basis of representative train-
ing samples of known identity. (B)

Swath width (total field of view): The overall plane

an#e or linear pound distance covered by a
multispectral scanner in the across-track direc-

tion. (B)

Synchronous satellite: An equatorial west-to-east
satellite orbiting the Earth at an altitude of
34,900 kin, at which altitude it makes one

revolution in 24 h synchronous with the Earth's

rotation. (A)

Synoptic view: The ability to see or otherwise
measure widely dispersed areas at tile same time

and under the same conditions; e.g., the overall

view of a large portion of tile Eartli's surface
which can be obtained from satellite altitudes.

(B)

System: Structured organization of people, theory,

methods and equipment to carry out an assigned
set of tasks. (D)

Target: (1) An object on the terrain of specific
interest in a remote sensing investigation. (2)

The portion of tile Earth's surface that produces
by reflection or emission the radiation measured

by the remote sensing system. (B,C)

Thermal band: A general term for middle-infrared

wavelengths which are transmitted through the
atmosphere window at 8-14 /am. Ocasionally

also used for the windows around 3-6/am. (A)

Thermal capacity (symbol, C): The ability of a
material to store heat. expressed in cal g'_ °C'_

(c)

Thermal conductivity (symbol K): The measure of

the rate at which heat passes through a material,
expressed in cal cm "1 s"1 °C'I. (C)

Thermal crossover: On a plot of radiant temperature

versus time, this refers to the point at which the
temperature curves for two different materials

intersect. (C)

Thermal inertia (symbol, P): A measure of the

response of a material to temperature changes,
expressed in cal cm "2 °Cq s ''a. (C)

Thermal infrared:The preferred term for the
middle wavelength range of the IR region,
extending roughly from 3 tam at the end of

the near infrared, to about 15 or 20/am, where

the far infrared begins. In practice the limits

represent the envelope of energy emitted by the
Earth behaving as a gray body with a surface
temperature around 290°K (27 °C). (A)

Threshold: The boundary in spectral space beyond
which a data point, or pixel, has such a low

probability of inclusion in a given class that the

pixel is excluded from that class. (D)

Tone: Each distinguishable shade of gray from

white to olack on an image. (C)

Training: Informing the computer system which

sites to analyze for spectral properties or sitma-
tures of specific land cover classes; also called
signatare extraction.

Training samples: The data samples of known iden-
tity used to determine decision boundaries in

the measurement or feature space prior to class-
ification of the overall set of data vectors from a

scene. (B)

Training sites: Recognizable areas on an image
with distinct (spectral) properties useful for
identifying other similar areas.

Transmissivity: Transmittance for a unit thicknt_r_s

sample. One may further qualify it as spectral

transmissivitv. The suffix (ity) implies a prop-
erty intrinsic with a ,given material. (A)
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Tr:msmiltanee: The ratio of the radiant energy

transmitted through a body to that incident

upon it. rhe stlfl]x i,-;.HlCC) mlplits a properly

Of that Ixirticular spcciu_en, tA'l

Ultraviolet radiation: I:,MR of shorter _vavclenglh

than visible radiatio=l but longer than X-_|)s:

roughly, nldiation in the wavelength interval

betv,'eett l0 :lId 4000 .,_.

Variance: Varia|i,.'e of a _llldolll variable is the

expected value of the square of the dcviatiou

between [hal variable ap;I ilS expeclcd value, It

iS :1 llleasllr¢ o1" the dispersion of the individual

tlllil values about their mean. (I)1

Vidieon: (I) A slora,.'e-type electronically scanned

photoconductive television camera tpbe. whi,:h

often has a response to radiations beyoml the

limits of the visible region. Particularly uxtful in

space :,pplications. as m+ film is reqt,ired, t2) An

inl:Ig¢-l',l:ulCsc;'nning device. See return beam

vidicon. (A)

Vignetting: A gradual reduction in density o1" parts

of a phoh)graphi¢ image caused by tile StOl',ping

oI's,oilleof the ray,: ttileritl.'-'Ill,,.."letls.(..'kl

Visible wavelengths: Tile radiation range in which

tile human eye is sensitiw:, approximately 0.4-

0.'7 _m. !,B)

Wavelength {symbol ?O: Wavelength = velocity/fre-

quem:y. In general, the mean distance between

maxima (or mit'dnla) of a roughly periodic

pattern. Specific:flly. tile least distance b,:tween

ixlrticlcs moving in the same phase el" oscillation

in a wave dislurba,lce. Optical and IR waive-

le;Igths :ire measured i,1 nanometers (.10 .9 II1),

uficrometers ( I 0 "6 ,hi and Angstroms I I 0 "t 0 m).

t,.x.)

Wiens I)isplacement Law: I)escribes tile shift of the

radian! power peak to shorter waveletlgths with

increa:;mg temper:mire. (C}

Window: A baml of the electromagueti¢ speetrmn

which offers maximum transmission and miqimal

;illtnllalio_l lhrollgh a parlittllar iIleditlm wilh

tile use of a specific sen.mr, t.l)l

Y:lw : Rolal ioll of ;ill aircraft about its vertical axis.

catisillg tile I, mgitudinal axis to deviate froill the

Ilight line. _(.')

Zenilh: The point in tile celestial sphere th:lt is

0X:lclly overhead: Ol'_posed It)nadir. I,A)

ACRONYMS AND ABBREVIATIONS

AI)P: Automatic l)ata Processing

AEM: Applications !! xplorer .x,Iission

AMS: Army Map Service

ASAP: Advanced Scientific Array Processor

ASCS: Agricultt,ral Slal,ilization and Conservalion

See'ice

AFI: Appare,tt Thermal I nertia

ATS: ,\pplications Fectmology Satellite

BI'I: Bits per inch

CA: Canonical Anal} sis

C&l): CheSal_eake aml l)¢la_vare Canal

CCI': ('o,npu_cr (.'c, ii_palil;l¢ ['.:pc

CRT: Cathode Ra.v T',bc
CZ(S" ('oaslal Zolle Color 5,calitlcr

DCA: I)epartment of Community Affairs tNew

J erscy )

DCP: I)ata ('ollectiou Platform

DCS: I)ata Collection System

DIDS: l)omesti¢ information l)ispkty System

DN: l)igital Ntunber

DWQ: Division of Water Quality {,New Jersey}

EBR: I{lettron Beam Recorder

ED: Enumeratioii District

El)C: Fros I)ata Center {Sioux FadlS. S. l)ak.)

EI)IPS: I-I)C Digital hnag¢ Processing System

EM: l:.lcct romagnet i¢

I:XlR: |-'lt',-frl'_nl;it_llOfj¢ Radiation

EPA: I{twironmental Protection Agency

ERE: Ifffective Res, flution l'lement
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ACRONYMS (CONT'D.)

ERIS: Earth Resources Inventory System

ERL: Earth Resources Laboratory (Bay St. Louis,
Miss.)

EROS: Earth Resources Observing System

ERRSAC: Eastern Regional Remote Sensing Appli-
cations Center (Greenbelt, Md.)

ESMR: Electrically Scanned Microwave Radiometer

ESRI: Environmental Systems Research Institute

FOV: Field of View

GCP: Ground Control Point

GE: General Electric (Company)

GES: Geographic Entry System

GIS: Geographic Inlbrmation System
GOES: Global Operational Environmental Satellite

GPS: Global Positioning System

GSFC: Goddard Space Fli_lt Center

HDT: High Density Tape
Hg-Cd-Te: Mercury-Cadmiunl-Telluride (Detector)

HOM: Hotine Oblique Mercator

HRIR: High Resolution Infrared Radiometer

IBM: International Business Machines (Inc.)

IDIC: hnage Dissector Camera System
IDIMS: Interactive Digital Image Manipulation

System
IFOV: Instantaneous Field of View

IPF: hnage Processing Facility
IR: Infrared

IRIS: InlYared lntcrferomcter Spectrometer

JPL: Jet Propulsion Laboratory (Pasadena, Calif.)

LAPR: Linear Array Pushbroom Radiometer

LARS: Laboratory for Applications of Remote

Sensing (W. Lafayette, Ind.)
LUDA: Land Use and Data Analysis (System/

MLA: Multilinear Array
MMS: Multi-Modular Satellite

MSS: Mt, ltispectral Scanntr

NASA: National Aeronautics and Space Admini-
stration

NCIC: National Cartographic lnlbrmation Center
NESS: National Earth Satellite Service

NIR: Near Infrared

NOAA: National Oceanic
ministration

and Atmospheric Ad-

OCS: Ocean Color Scanner

OMB: Office of Management and Budget
ORSER: Office of Remote Sensing of Earth Re-

sources (Pennsylvania State University)

PCA: Principal Components Analysis
PFRS: Portable Field Refi_ctznce Spectrometer
PP&L: Pennsylvania Power and Light (CompanY)

(Allentown, Pa.)

RA: Rural Area

Radar: Radio Detection and Ranging
R&D: Research and Development
RBV: Return Beam Vidicon

RJE: Remote Job Entry

SAR: Synthetic Aperture Radar

SCMR: Surface Composition Mapping Radiometer
SEOS: Synchronous Earth Observations Satellite

SLAR: Side-Looking Airborne Radar

SMS: Synchronous Meteorological Satellite
SMSA: Standard Metropolilan Statistical Area

S/N: Signal to Noise

SOM: Space Oblique Mercator
SWIR: Short Wave Infrared

TDRS: Tracking and Data Relay Satellite
TIR: Thermal Infrared

TIROS: Television Infrared Observation Satellite

TM: Thematic Mapper

UA: Urban Area

USGS: United States Geological Survey
UTM: Universal Transverse Mercator
UV: Ultraviolet

VI: Vegetation Index

VICAR: Video Image Communication and Retriev-
al (System)

WRAP: Western Regional Applications Center
(Moffett Field, Calif.)

ZTS. Z_.,,.,,. Tr,,.sfer Scope
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APPENDIX E

SOURCES
OF DATA

The purpose of this appendix is simply to
tell you where Landsat and other remote sensing

data may be purchased and. in some cases, in-

spected beforehand. The information presented
here is believed to be up to date tlirough the middle
of 1981.

Your best starting point is to request a 37-page
booklet entitled FIlE EROS DATA CE.VTI:R by
Allen H. Watkins. This booklet describes the EROS

D:::a Center lEE)C), now the exclusive U.S. Govern-

n.ent outlet for data products from, among others,

Land.sat. Skylab, and Gemini-Apollo space missions
and NASA and U.S. Geological Survey aerial

photogra_,!:y. This booklet also contains a dis-
cussion o.: how to search lbr data in an area of in-

terest, ho,v to place an order for any of the data,
and how to obtain other assistance and special

services. When writing or phoning you should also
ask for the information packet that contains order

forms and current prices. Be advised that EDC

supplies both Landsat images and computer com-
patible tapes (CCT's). As of February 1979, the

Landsat imagery provided by EDC has first been
computer-processed through their EDIPS routine

_see p. 149) to make geometrically and/or radio-
metrically and otherwise enhanced products.

To e_tablish contact with EEl, write or

phone User Services EROS Data Center. Sioux
Falls, SD 57198, Phone: 005-594-0511. x151,

FTS: 784-7151.
The booklet also indicates the servi_-es :rod

products available at the National Cartographic

Information Center {NCIC) of the U.S. Geologi-
cal Survey at Reston, Va. taddresses for NCIC

offices at Reston, Rolla, Me., Denver, Colo., and

Menlo Park, Calif., are #yen on p. 5). Many kinds

of maps lincluding the 1:250,000 National Topo-
graphic Maps and larger scale 7V_,' and 15'topo-
graphic sheets used or referred to in this work-

book), aerial photos, and space imagery may be

viewed at these NCIC facilities. In recent years.
kandsat image viewing centers (sometimes referred
to as Browse Libraries) have been established in

many states.

Landsat data may also be obtained from a

number of tbreign sources, especially within those

countries that operate Landsat Receiving Stations.
Information about these sources is avaiiable from:

Chief, International Pro,grams Office, Mail Stop

LIDI8, NASA Headquarters, Washington, D.C.
20546.

Aerial photographs taken by ACSC (see p. 2441

are available from: Aerial Photography Field
Office, ACSC-USDA. P.O. Box 30010, Salt Lake

City, UT 84125.

The black and white Lands:it mosaics of the

contiguous _48) United States and Alaska and

Hawaii are sold in individual sheets (A through Q)

at I:1,000,000 scale and in other formats by:
Carto_aplfic Division Soil Conservation Service,
Federal Center Building I, Hyattsville, MD 20782.

Th:" color (quasi-aatu,al and color IR)mosmcs

of the United States are distributed by: National
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GeographicSociety.17th& MSts..NW.Washing-
ton.D.C.20030.

InquiriesaboutimagesfromtheHeatCapacity
MappingMission(HCMM')shouldbedirectedto:
NationalSpaceScienceDataCenter NASA. Code

()01. Goddard Space Flight Center. Greenbelt,
Md. 20771.

A wi,le variety of space imagery, including

some kandsat. Nimbus, and Seasat SAR. may be

purchased from: National Climatic Center, Satel-
lite Data Services Branch, World Weather Bldg.,

5200 Auth Road. Washington. D.C. 20233.

A NASA-supported. university-based outlet

for various types of space data. including 35 mm
slides and other Landsat image products, is: Tech-

nology Applications Center. Unwersit_ of New

Mexico. Albuquerque, NM 8713 I.
A growing number of t,niversities and private

conltnercial sources of remote sensing data process-

ing and interpretation services, and image process-

ing hardware and software systems suppliers, may
be consulted for support in utilizing Landsat and

other systems. A partial list of these organizations
is maintained by the Applications Branch of the
EROS Data Center.

Finally, if you wish to get in touch with per-
sonnel at any of NASA's three Regional Applica-
tions Centers, detcrpiine which federal region you

reside in, :lnd then write to:

Federal Re_ons I, 11,111, and V:

l:astern Regicidal Remote Sensing Aprlica-
tions Center I ERRSAC)

Code Q02. ] NASA

Goddard Space Flight Cen'er
Grccnbelt, MD. 20771

Federal Regions IV, VI. and Vii:

NASA/Earth Resources Laboratory _ERL)
NSTL Station. Mississippi 39529

'Federal Re_ons VIII, IX. and X:

Western Regional Applications Center (WRAP)
NASA/Ames Research Center

Mail Stop 242-2
Moffett Field, CA 04035

These field centers provide assistance in re-
mote sensing technology transfer to state and local

government agencies, and other users, including
tmiversities under certain conditions. Each center

(as well as the EROS Data t"en:er) publishes an
informative Newsletter and offe:_ training to se-

lected groups.
A number of t,niversities p.-ovide training, as

workshops, short courses, and credit courses. Dis-
eussion of this type of instructional pro_am is

beyond the scope of this workbook. A list of

educational institutions offering remote sensing

courses is presented in:

Nealey, L.D., Remote Sensing/Photogram-

metry Education in the United States
and Canada, in Photo m'ammetric Engi-

neering and Remote Sen.cing. vol. 43.
no3. March 1977. pp. 259-284

While comprehensive, the list has not been updated
to record a number of new universities that have

developed courses or centers for remote sensing
since 1076. in particular, the article does not single
out those unive_;ty remote sensing centers, initi-

ated and/or supported with NASA funds, that
colldtJct specialized short courses and symposia
open to individuals from outside the university

community.
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APPENDIX F 1

THE REGIONAL

APPLICATIONS

PROGRAM

Each year, an increasing number of organiza-

tions-l\'deral, state, and local govermnent agencies,

private industry, educational institutions, and for-

eign nations-arc exploring operational use of the

technology of satellite ,'emote sensing, As the de-

veloper of Land_t. NASA seeks to work with

potcnti:d users to help them to apply this tcch-

tlology to their resource assessment rteeds.

Toward that end. NASA's Office of Sp:lce and

Terrestrial Al+plications has established the Rc-

giomd Remote Sensing Applications Program. Its

am_ is to transfer th,' capability for using this tech-

nology by expanditlg awareness of Lat_dsat's

potential at_d by" assisting users to evaluate the

utility or" the technology.

Designed to facilitate user assessment and

atlol'_iion of Land_t technology, the Regional

Remote Sensing Applications Program provides

assistance primarily to state and local govern-

ments but is also available to representatives of

l'edcral agencies, universities, and private industry.

The program includes the following:

• A liaison and awareness effort, which seeks

to acquaint prospective users wifll the many

Ol_portunities for using remotely sensed data

by means of briefings, workshops, confer-

ences, and special publications.

• NASA-provided orientation and training in

tcch,:i:lues of ,.... l., ,..IL:. se_set|

data.

• Cooperative user/NASA demonstration proj-

ects to show Landsat's capability as a re-

source management tool.

Technical assistance to help users locate

sources of services and systems, to help them

apply the technology to their own projects.

and to keep them informed on advances in

technology.

The program draws upon the expertise and

resources of all NASA centers, but it is concen-

trated in three NASA field installations, each

covering a specific geographical area of the United

States:

• The Eastern Re_onal Remote Sensing

Applications Center IERRSAC), Goddard

Space Fli_Z Center, Greenbelt, Md., which

serves the northeast and north central

states, plus Puerto Rico and the Virgin

Islands.

• The Western Regional Applications Program

_WRAP'L Ames Research Center, Moffctt.

d:.ld, Calif., which serves the western

states, including Alaska and Hawaii.

• The Earth Resources Laboratory (ERL)

of the National Space Technology Lab-

oratories, Bay St. Louis, Miss., which serves

_he southeast and south central states.

Ixtrac_ed from a brochut_ enUfled The Re_onal Remote Sen._.._

..Ipplicat)ons Program, prepared and distributed by NASA Head-

quarters. Washington, D.C. 20546
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All of NASA's Regional Remote Sensing

Applications Centers u_e a variety of.mechanisms

to acquaint prospectb?e and current users witi_
developments in the remote sensing fieM and with
the activities of the Regional Applications Program.

The Centers conduct workshops and orienta-

tion briefings for state and local officials, legisla-

tors, or state and local agency administrators on
the benefits of Landsat for resource management.

An annual symposium has been initiated to assess
progress in the use of Landsat data and to build
communication links between users and with the

emerging service industry.
Cooperative demonstration projects, through

which NASA joins with state and local governments

in practical demonstrations of hop" Land_t tech-
nology may be applied to specific user needs, are

key parts of the Regional Remote Sensing Applica-
tions Program. These projects are designed to give

personnel of the user organization maximum in-
volvement in the entire process of converting raw
Landsat data to useful management information.

I n these projects, users select their own priority

applications and, where there is a match with

available technology, join with NASA in develop-

ing a project plan. Users and NASA work together

in processing remote sensing information and
applying it in operational settings lbr selected test

sites. Examples of demonstration projects 'already
conducted with state agencies include general land
cover classifications, assessments of agricultural

and forestry resources..,horeline measurement for
coastal zone studies, water resource inventories,

and analyses of soil erosion hazards.

Cooperative projects in these and many other
fields give users the opportunity to decide, on the
basis of first-hand experience, to what extent re-

mote sensing data can contribute to their informa-
tional needs and their decision-making process and

if the use of remotely sensed data should be in-

corporated into their operational resource manage-

ment l_rogranls.
If a user decides to build an independent

capability to use Landsat data. NASA provides
follow-on assistance for incorporating the tech-

nology into the user agency's operational system.
Part of this assistance includes introducing the user

to various hardware systems and S_?r'vi_'O¢ r_hat. 2r"

available from the private sector.
Each Center also disseminates information

on a regular basis throughout its region through

newsletters, brochures, and publications describ-

ing remote sensing applications or remote sensing
products and services.

The content and duration of orientation and

training programs vary in accordance with prospec-

tive user needs. Typically, the programs can include
the following:

• Orientation bfiel-.,ngs, lasting from a half a

day to several days, which provide resource
managers with a basic familiarization with

remote sensing. These briefings also give
state agency directors or other executive

level personnel the opportunity to determine
whether landsat data can be employed to

a,tvantage in their particular areas.
• Basic technical training courses in which

trainees from user organizations r_ceive
"hands-on" instruction in the fundanlentals

of computerized image analysis and data

management to prepare them for participa-
tion in cooperative demonstration projects.

• Advanced courses that focus on the applica-

tion of remote sensing to the user's specific

sphere of interest. These are generally in-

cluded as part of demonstration projects.

The intent is to help state governments and
other users to apply remote sensing technology with

confidence and to build the capabtlity to conduct

their own training program. A portion of the
Regional Remote Sensing Applications Program

is devoted to c_.aperative efforts with universities,
involving training ot professors and students

through instructional courses, university symposia,
and visits to NASA centers. NASA can also provide

assistance to universities in developing curricula

and discipline-oriented special publications.
In November 1979, the National Oceanic and

•_,'mosphenc Administration (NOAA) was assigned
responsibility for all operational civilian remote

sensi.ag activities from space and has begun develop-
ing plans icr moving to a tully integrated, satellite-

based, land remote sensing program. The Depart-
ment of Commerce. NOAA's parent organization.

will seek _ays to further private sector opportun-

ities in civil land remote sensing activities: it will
_!so ceerdinate programs among federal agencies

ar,/ with state and local governments through

representative organizatiohs such as the National
Governors Association (NGA) and the National
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"i.-_ ¸-' _'_'L "" _'__ "'-v.-_°_-._" _.--_.-r,

Conference of State kedislatures (NCSL_. In

supporting Confessional initiatives, the NCSL

reviewed state gover:.mlent applications of Landsat
data and found tile results '_impressive," urgint_

Congress to make a l_m commitmen! to ensure

the operational status of the satellite-based system.

Fully olSerational use o f satellite data for managing"

the Earth's resources appea_ well on its way to

becoming a reality.
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• APt ENDIX G

SELECTED
REFERENCES ON

REMOTE SENSING

Remote Sensing Books, Monographs, Etc.

Aggarval, J. K-, R. O. Duda, and A, Rosenfeld,
(eds.), Computer Methods in bnage Analysis,

IEEE Press, 1977.

Anderson, J., et al., A Land Use and Land Cover

Classification System for Use with Remote

Sensor Data, U.S.G.S. Prof. Paper 964, 1976.

Andrews, H. and B. Hunt,. Digital hnage Restora:

tion, Prentice-Hall, 1977.

Barrett, E. and L. Curtis, Introduction to Environ-

mental Remote Sensing, Halstead Press. 1978.

Bernstcin, R., (ed.), Digital hnage Processing for

Remote Sensing, IEEE Press, 1978.

Bro_ius, C. A., F. C. Gervin, and J. M. Ragusu,

Remote Sensing and the Eat.h, School Board of

Brevard County, Rockledge, Florida, 1977.

Cehler, J., Thermal Infrared Remote Sensing." A

Bibliography, Research Report 76-1, Canadian
Center for Remote Sensing, Ottawa, 1976.

Claugh, J. and L. W. Morley, (eds.), Earth Obser-
vation Systems for Resource Management and
Environmental Control, Plenum Press, New

York, 1977.

Eartiz Photographs from Gemini 3, 4. and 5, NASA
SP-I "__9, 1967.

Estes, J. and L. Senger, (eds.).: Remote Sensing-
Techniques for Environmental Analysis, Hamil-
ton Publishing Company, 1974.

General Electric Space Division, Landsat 3: Refer-

ence Manual, Valley Forge Space Center, Phila-

delphia, 1978.

Gierhoff-Emden, H. G., Orbital Remote Sensing of

Coastal and Offshore Environments: A Manual

ol" Interpretation, W. de Gouyter, New York,
1977.

Gonzalez, R. C. and P. Wintz, Digital hnage Pro-

cessing, Addison-Wesiey, Reading, Massachu-
setts, 1977.

Harper, D., Eye in the Sky: h_troduction to Re-
mote Sensing, Multiscience, Montreal, 1976,

Holz, R., (ed.), The Sun, eillant Science, Houghton
Mifflin, 1973.

Johnson, P., (ed.), Remote Sensing in Ecology,

University of Georgia Press, Athens, 1969.

IAdapted, updated, and expanded from Rudd, K. D., L W. Bow-

"den, R. N. ColwelL and J. E. Estes, Textbooks and Technical

References for Remote Sensing, in Conf. of Remote Sensin 8

Educators tCORSE-78), NASA Conf. Publication 2102. 1980,
pp. 269-288.
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Kroeck,D., Eveo'one's Space lhmdbook, Pilot

Rock, Inc., 1076.

Krumpe, P., The Worm RemoteSensing Biblio-
graphic Index, Tensor Industries, Inc., 1976.

Lebert, F., Radargrammetry for Image h_terpre-
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APPENDIX H "

ANSWERS TO

ACTIVITY QUESTIONS

Yol! :Ire rt'lllilldCd of |hc ¢o111111t'11l,,¢, lllildt" Oll

p. t+ that the atlsx,¢crs gi_,_+'tt below arc ilot "always

utfiqtwly correct.._|;llly ;IIISXvCI_ ;ire subjective in

that tlwy rcpl'cscttl tile I,;nticular choices I11ad¢ by

the :filth+or. Yotlr response llla+v l'w dil'fcrcnl, yet

equally, valid. M.my an._wers .ire Prt+balqy hmgcr

thaI1 yours, cilhcr because added tXl'q:lllaliq.¢ll is

rctluircd or bCCiltlS¢ ;in opI,Orlunily to l¢;idl certain

con¢¢l+tS i:. sci/cd.

Activity 1

+_l-I. Key It',_r, ls ,W,l,isiti<m. ,t, lta. intlwm,l-

lit_ll. O/_lt't'I.s IlhHt'rhlL+. /dl._t'ls..xltlJdCC. dl ltl_ L_/_ilt'rt'.

sI'HS< }rs, rldt, l_ )rillS. ,ntltL+/wctral '?ll'd,+llr¢'Illt'llts.

¢:[.fi't'tS t).f itll,'lklt'ti,_pl._, t'It't'tl'Ollhl:._llt'liC IxhlidtiOll.

distdllt'('. Ill Hli'I +ll[dCt

zl-2 ._,'h,#,c.' c,,hw. I,ri,t'htncss. t¢.x'turt" (in-

ternal 1./,aft,'rns+ c+ )lilt" x't ( with sttrr_ )ItthlilD¢s ). I<),'a-

ti_)n, t'_ m,liti_)t;, stagt" __ ¢,h'vch )l)mt'llt. distrilvai_)tl.

nttml, cr l,rt'scnt. ++t)till,, )sitit ,t. idcnritv.

zl-,,' Ih'tr,)l),ffitan. inncr city sul, url,ht: in-

,ht_lrhal. t'org.,twrt'htl, r+'si,]t'nli, al. /r, msl)+)rt.tli+)n

nct. It tilitit's. _'r )llll?lIJllic,lti, "IS: wdrt'h< _ltxt's. plants.

sll_l*l_itl._ ,",'tlgt'l'Sl ,ttt:ttSt'mt'llt t't'lltt'r.%'. SCI, d)ols.

churcht's. .tl,,trtmt'nts. t<)wllh< 9liSt'S. single ,lwt'llings.

.t_trtrzs ¢itlt'<_,tldt'lt" list. ,mh'r that tlt'ct'ssarilv

hit'rar_ "hi_ "+tl I

=1-4 l',',tt,craturc I'l_m,ls ( ;,nl,osith,t

.lloLs'turt"
l'rt 'sslt rt' ]l'btd

¢tn,ltrcct) t'attcrns I'_)llt_tatlts

=1-5. IOOIA nm lanl." I0000 :eL'pro

z l-_. I'isil, h'-.V,'ar IR ¢0.4 - 2_¢ tatn)

.lli, l IR 13 -5 p.tJ

rhcrtnal IR (S - 14 tittll

.llicr+)w,lve ¢ I - 30 ctn)

(.\'oil': Fht" I':tr IR rtghm winth)w 120-o0 pro/

is not ust',l in rcmott" scnsin.tL )

:1- 7: R,htiation ix gcnt'r, tllr absort,¢d ¢.vct'pt

wht'rt" it l,,tsscs thn _u.eh ,ttmo._l_ht'rh" WithtOWS" SII('h

r, hliation is absorbt'd, scat!!'red, attd rt:lh'ctt'd with

h_ss of irradhtttt t'/It'r,,_.l ° IqrJtl itttt'racting with tht'

al,noff_here, then the' stlr]_t_:¢. ,rod lib', tht" dtmo-

Stdlt're a.thlill.

$1-S." .Iccor, lhl._ t,) I'_._'ttr_" I-.q lind also !hi"

.litll('tl,)l! I = IOt'OS. md.%'itlltllt! rl'Jlt't'tdllCt • .frllltl d

slLrfilt't" iR'i'ItlT¢ wht'tl [hi" ,_'l+/I is din'oily ,)l't'rht'tht

(at :t'llith). 17'¢ it!tt'vlsitl" o.l" rtJh'¢tat!t'¢ incrc,gsts

,IS tilt" StIlt'S t'h'l'ath)vl oil ,! ._il'('tl ddl' it!_'rta._'t's 10

I[S OhLl'lllllll?l 210,,_11 po3"ilhlll dt ,t k'il'i'n I, ltitltdt" _llhl

505



then decreases as the Sun moves downward to the

local sttnset horizon. Another factor is the increas-

ing path length of radiation passing'through the

atmosphere when the Sun is in its "lower position

(sunrise and sunset)..7_his increased length leads to

greater absorption and scattering. Scattering of

course depends on wavelengths of the radiance.

When tile Sun is high, on looking up one sees a

clear sky as blue because bhte light (shorter wave-

lengths) is nlore efficiently scattered as irradiant

skylight by atmospheric gases (Rayleigh scattering);

ttus sicyligh: is dominated by the blue component.

ltowever, a sunrise or sunset appears red because of

selective scattering of shorter wavelengths, which

removes them from incoming white light leav#tg

longer wavelength orange attd red light to domi-

nate. Scatter#lg of light from the atmosphere

provides a skylight _!ow as a source to ilhtminate

tl, e surface before a sunrise or after a sunset, even

though the Stilt is no longer directly visible. Sun-

glint or glitter is a highly directional reflected light

effect evident when the observer is at or near the

attgle of reflection from a specular surface. Water,

althottgh of" low intrinsic reflectivit),, can fu/tction

as a reflector when a water body surface is rela-

tively cahn. .4n observer on a hill couM see a bright

patch of reflected sunlight (glint) on the water if

the Sttn attgle is appropriate to the observer's

locatioJt. Glilit is often a problem in aerial photo-

graphs made in the early morning or late after-

IlO011.

#1-9." Illumination intensity, and hence the

fihn exposure, decreases outward front the center

(cositle c'lfect), thus causing darkett#tg or exposure

fall-off Film exposure is also affected by differen-

tial lens transmittance attd by vignetting, a shadow-

ing ef(ect related to aperture setting and influence

of the lens mottnt surface.

_1-1 O: Geometrical distortion (shape change)

and scale (ground distance)#wrease outward.

-_I-11: (1) 0.5 tam. (2) 4.8 #nt, (3) 9. 7 tam.

=1-12: (1) Visible. (2) Thermal !R (8 - 14/am),

(3) .IlM IR (3 - 5 tam).

=1-13." (a) Visible (0.52 tam), (b).Vear IR

(may be second peak in visible), ¢c).Vear IR

(0. 75 - 1.2 _m)

(No te : red rock/soil cun'e shows effect o f moisture.)

#1'14: Highest = Rock/Soil; Lowest .= |'Cater.

#1-15:, Rock and soil (note: some dark rocks,

such as basalt and organic rock soils, could be less

reflective than vegetation).

#1-16: Roughly: (a) 0.6 paw: V/R = 35/25 =

1.40, (b) 0.9 tam: V/R = 60[20 = 3.00, (c) 1.6 tam:

V/R = 22/37 = 0.60. Max#num separation occurs

at 0.9 tam. Remember, the abscissa in Figure 1-4 is

plotted on log scale.

#1-1 7:

0

4-

kA

., | lOb
0.5/_

#1-18: Most probably rock or soil. To test for

identity, first determ#te t/tat the nzeasurements

are reproducible (some narrow range of vahtes).

Secondly, make measurements in other parts of

available spectrttm. Thirdly, compare the measured

vahte with those for rocks and soils obtained as

fieM data, from trahting sites, or as published

spectral curves. Note, too. that there are statiatical

techniques for class identification, as discussed in

Activities 5 and 6, and Appendix B.

#1-19:

Z • Point • in 3_limensional space

¢
/ Y

/1/
X

#1-20: Four or nlore warelengths cannot be

visually plotted hi n-dinlensional space, where

n > 3. Treatnlent of nudtidbnensional data plots

for n > 3 reouires mathematical (_tati_tice!) met/r-

ods.
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#1-21."Under these circumstances, spectral ings), divergent changes over tone. etc., may allow

responses alone art' insttfficicnt, bdbrmation _;n two features to be distinguished. Field pattc.,_ls

shape, context (relatimr of features to sttrrouml- ttatall)' di]fer from lbrest imtterns.

: Activity 2

_2-1:

(a) 1079-15131

h') 38 °

(e) 6

(b) N40-1 7/1¢0 74-4S

(d) October 10. 19 72

#2-2: (a) t'ath lt_-Row ._&" (h) _ q-oS," (c) 49-

2q. 45-30.

*_" "" ,Vormalh'. four separate scenes. (t" the

h_cality lies near a corner. ('ht, ck tire imagcs used itt

making the mosaic described on p. 79 to satis])"

your curiosity. ('onccivably. for high httittah's

(near polar), where sidelal? aplmmcl_es $5 percent.

the S_lllle sDlall area properly located in (lilt" .;mate

may appear in five others (images front paths on

either skit' amt ad]accnt rows).

.Vew York ('ity Q-3

.Vcwark. .V.J. 1'4

Trenton..V.J. L-I 1

t'hiladelphkz. Pa. I-1_

Dehtware Rivcr (;-I 0

..I tlantw ('ity 5-22

I'inc Barrcns. .\'.J. Q- 17

Long lslaml 1"-2

Kittatinny Mtns. D-5

.\'cw Jersey ('_last line F- I S

t'at crs, m. .V.J. I'- 1

Sehu.vlkill River 15-14

&Jndy lh_ok..V.J. S-¢_

Reading. I'a. .t-12

Delaware It'atcr Gap 1"-2

Staten Island..V.Y. Q-5

Wihnington. Dcl. I.'-20

l'-)cono .ilttts. ('-2

Barncgat Bay 1"-15

.1 lh'ntown. Pa. D&

=2-5 Band 4.

-_2-n. Band h (in this t_rintin,_. where the gray

torte scale at the bottottl is :lst'd t() calibrate the

[,ringin._. ba/:d 7 is ttsually tightest).

_2-7: lhmd5.

#2-8: I$'ater rapor attd other atmospheric

constituents generally absorb and scatter light

more at the shorter wavelength end of the visible

spectrum than at h)nger warelengths. Thus. a haze

effect occurs and the htterJ'erencc reduces intensity

or brightness.

._2-q: Bands 6 and 7 (Jbr both questions).

#2-10: Bands 6 amt 7.

_.2-11: This region is heavil.;" regetated.

l'egetathm is "'l, righter'" in the infrared aml will

thus eattse greater exposure of band 6 and 7 nega-

tires, h'ading to lighter gray levels flz the positire

photo-images. Note also that the contrast betwcen

I_,ht-toncd vegetathm arm shadows in toi'ograt,h-

ically-rttggcd am'as. (e.g., the mottntai;ss) aeeenn*-

ates the appearance of relief

_)-i2: Band 5. Iegetation. which tends to

concclttratc OH lliese ItlOlltlhl#lS as fi)rests, appears

noticeably _hzrker in the rt'd Immt image.

#2-13: It shows ttp in the coh)r hnage but is

t'r_;pped off hi the black-and-white images.

_r_-14. This is a trick)" question, atal not

easil.v answered with certainty. Personal km_wledge

of an area. atal its history, may be needed to make

a correct interpretation. Both the Pennsyh'ania attd

the .Vew Jerso" Turnpikes were originally concrete.

but parts ha:'e since been rcsurfaecd with asphalt.

Both also have bet;n stained orer the )'ears with

atttomobih" wastes, etc.. and thus the concrete

hehares more like asphalt.

.1 ft'w segments (tnahtl)" west of Philadelphia)

of the l'ehnsylvania Turnpike may be picked out

with diffictdty ht band 5 (hut not itt 7). Ih_wever.

the much newer .\'orti;ea_t I'xtension of this Turtr.

pike (runnittg northerly past ..! lh'ntown) is esl_eeial.

ly evkh'nt (light line) m band 5.

507



What appears to be the New Jersey Tunzpike

shows up as light tones #t band 5 and dark in 7

in the stretch from sodtheast of Philadelphia p.ast

Trenton. kIowerer, a new section of hltcrstate 95,

numbered 295, is made of concrete and runs about

'parallel to tire turnpike over this stretch. This is

most probably what you are seeing.

Thus, these broad dual roadways do not stand

out because of h_w spectral contrast with the sur-

rottndhigs. In tire westent United States, sometimes

dirt roads hill)' 10 m wide will be visible hi a

Landsat image if tho' contrast strongly with ad/a-

cen; terrahr (commonly sage-covered plahls).

,._-15. Your choice of answer.

#.2-16." Check tire references on this.

_2-I 7: Vet.;. close fit. It" the fit is made at_the

center, ma.wmum discrepancies will occt_r ".at all

edges, lh_wever, if. ]br exampb', the fit is made

along the right-hand marght at the center, discrep-

attcies will occur toward the top and bottom along

that margin and increase even mort, towaml the left.

For small image subsets (e.g.. 1/16th of a Landsat

scene) discrepancies are almost negligible.

#2-18: In this instance, some minor bhtrrhrg

or ftt:ziness is evident. There is less cotttrast than

des[rabh,. Enlargctnent ettl[?ha.£igt'S the st'_ltl H/it's.

but the itMiridual pixels (see p. 54) are not yet

dis'cernible.

=2-19." This is obrh)rtsll" affected somewhat

by initial image quality...I standard photo prod-

uct starts to lose definition at a scale of about

1.'200.000. L:x'ceptional hnages hohl dtJ't'ttition to

larger scales, but at 1:50.000 the quality loss

exceeds the enlargement gaOr. attd the pixels
become noticeable.

"" " • ?? "'5 "-_-_0. 13.300 sq. mih'_." ...... kin-:

S,512.000 acres.

=2-21." Only a small sliver in the Itpper left

shte of the photo is not present ah)ng the upper

left edge o]" tire Landsat image.

#2-22: Darker grayish tortes hi band 7 corre-

spond to Jim Thorpe, Lehighton, and Slatington-

Walntttl_ort. Leh(ehton is most easily seen, parth"

because it contr_ts sharply with lighter tones tbr

the fiehls in the valley.

#2-23: Street patterns are not resoh'ed hz the

sat,'llite image.

• #2-24: Band _. color composite, band 5, de-

" creasbig ht that order.

#2-25: See question 2-14. Concrete is a high

reflector ht the visible bands. It is also moderately

bright ht the infrared band hnages, but adjacent

vegetation is even brighter, attd so by contrast the

road is darker.

#'_-__6". The longer ones. yes. 771e smaller

o'nes, no. in general. Most of those are narrow, with

little water in the channels (probably iniermittent).

and do not hare enough effect on the topography

to produce shadowing. Band 7 is tl, e best.

#'--2 7: The ]h'.lds are mosth" small, irregular

iTI shape, attd arranged in irregtdar orientation and

patterns. In Februao, most fields were barren,

although some show signs of active vegetative

growth (red, probably whiter wheat). A smaller

qumber of fiehls w.er, e barrett in October ..t few of

the barrett fields stand out hi the Oct_,ber Landsat

image, but most are not resoh'able as discrete indi-

riditals with discernible shapes. Band 5 best separ-

ates the fiehl beca,tse of large tonal contrasts

bt'twct'/t those barren or ph_wed and those with

crops...llthough the :'stimate is subjective (.l'ortrs

ma.v differ s(_,nificantl)" from mine), it seems that

about one-third of the hldiridltal fields may be

picked out ht the Landsat image. Beware: some

fiehls are strip or contour-farmed, so that part is in

crop and part is not.

#2-28:

Recognize Identify
(1) + +

¢2) +

(3)

(4)

(5)

(6) + +

(7) +

(S)

(9) + .

(1 O) + +

(ll) +

(12) + +
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"'Recognize"is treated liberally here. By recogni-

tion is meant the ability to spot and single out hi

the Landsat image a gray ton_ pattern that is also

present.in a similar way in the aerial photos.. Details

evident in the photos (be_atese of hiffh resolu!_on

which permits sliapes_ to.:be defined) aid in identi)_-

cation of most of these patterns. Band 5 appears

superior to 7 in the recognition process.

#2-29: Many of the buildhtg_ are indeed

homes built attd joined together side by sMe. ?,lost

have flat roofs that are covered with pitch or some

otlt er dark (1o w reflectance) t:_t_ __+.;t.

#2-30: Trees, trees, trees in these suburbs.

The combination of trees, lcwn grass, attd many

buildings tends to produce more pinkish hues.

#_-31" Judge vottr own attswer., -- . .

#2-32." The scale, as printed, is 1.'500,000.

#2-33: Again, a subjective answer.

#2-34." ht this instance, the band 5 and RB 17

#nages show ttp as very similar. This is not ttne.x'-

pected because the spectral btterval in band 5

covers mttch of the wMer htte_'al sensed in the

panchromatic region. The terrabt ht early spring is

not dominated by green from vegetation but hz-

stead is brownish overall thus contribttting much

light to band 5. tlowever, band 7 responds quite

differently, so that many fi'atttres not sharply

de]bred ht 5 will stand out in 7-the Brooklyn attd

Qtteens boroughs #z New York City uro a case in

point.

__-3._. Beware. p Some of the differences are

caused to some extent by photo processhtg dif-

l_'rences. (.Vote variations in gray levels for equiva-

lent steps.) flo wever, real differences can be picked

OttL Overall drainage is best expressed in the winter

al]d spring scenes. Still barrett (soil-exposed) fields

attd early growth stages of some crops afford sharp

contrasts in the spring iouTge. A sharp, darker tonal

diso_ntinuity is evident above ..lllentown, Pa., ttp

to a pronounced 180 ° river bend in the sttmnzer

image. The fall image sttggests the fiehls in this

darker area are larger than those north ward arottnd

Jim Thort_e. .\bite of the smltll towers st.an,d ottt

well in any of the scenes, but Lehighton and Jim

Thorpe show up as dar_,'er patches in the summer

sce n.e and as bhdsh tones in the spr#tg scene color

composite. " _.

#2-36." The winter scene, '1205-15135. The

In;;, Sun attgle (shadow effect) and lack of vegeta-

tion cover (trees are leafless; grasses dortn.ant)

contribute to this improved definition. Snow can

also delineate topographical irregularities-it acts

much like powder in "fingerprint dusting " (sporadic

snow cover attd ice produce this effect somewhat

in the northwest corner of the Febntary 1973 ..

scene). The minor tributaries (insequef_t streams)

north of the reservoir east of Lehighton show up

well in both the February and April Landsat

itnages but certainly not to the degree evident in

the aerial photo.

#2-37." (1) Stin angle; (2) v_getation cover:

(3) pho to processing.

#2-38: This, again, acpends on your choice of

subscene. Those that sltow sig:rificant differences

hwlude (1) the Pine Barrens, (2) the agricultural

areas of central New Jersey, (3) Philadelphia (note

variations in the #mer city, mab_ly in apparent

area), attd (4) the gray levels of the hills between

Readh_g attd Allentown. But remember t;iat the

differettce results, to some extent, from overall

image density variations. The gray scale at the

bottom could have been used to calibrate densities

by printing equivalent steps to the same densities.

#2-39: Your attswer depends on your precise

location. Obviously, 9-day coverage should increase

the likelihood of obtaining scenes with less titan 10

percent cloud cover by a factor of two (ol'er an

18-day repeat cycle)on average.

#2-40: Those ht Figure 2-3.

#2-41: Usually, the generatlon of the negative

(if feasible, compare second and fifth generation

prints), llowever, increashtg contrast for any gen-

eration print ttsttally improves #nage quality by

sharpening tonal boundaries. These boundaries

become fitzzier witl: htcreas#tg generation.

_.,_Ag. Most probably you selected the trans-

parc:;cy. So, ctal factors ttu_ke transparencies

509



appear sharp.er, with the back lighting effect being

the most important_ Light totted areas become
especially bright in relation to darker (denser)

• areas, thus increasing co,ztrast..

__-43. If you did not rate the computer ver-
sion as "tops," something is wrong with your

eyesight.

,,-_-44: Again, you should clearly have favored

the computer version.

.','#2-45: Mainly., tlre effect of extensive healthy
vegetation, which can overwhelm some scenes with

red. Of course, vegetation may be what you were
looking for-it's your signal, but anotl_er pcrson's

noise. Also, summertime is humid in the eastern

United States-atmospheric degradation is common-
place.. High Sun angles likewise rechtce si, adow
effects which, when strong, tend to emphasize

relief.

#2-46: Most of the named features will have

step values in the 4-6 range. Water is about 3..A

few small areas may be 7. The coolest feature is the
cloud (dark area near lower left comer), then the

lakes. Tire brightest areas seem to be some barren
areas attd the coastal bars in eastern New Jersey.

.Vormally, tire large cities are also bright (warm),
but in this unreprocessed image, tlre gray tones are

not conspicuously lighter (e.g., New York metro-

politan area). Tile Trenton, ,V'.J., area shows two

notabl.v lighter toned areas.

_-4 7. The fitting error is about 1 ram. This._t _ ,

is quite small bttt still atnotmts to an offset of
nearly 1 km (7 in on a side X 2..54 cm/in X 10 =
1 77 ram; a Lamlsat scene is 1S5 km on a side) If

tire same feature, near the midpohtt, is exactly

fitted, the tna.x'#_ulm offset should be near one end

of the join line. ttowever, distortions away from
nadir poiltt, or any equivalent points Oll the loin

line, due to geometrical displacenlents should be
mbtimal when matched.

_2-48: This mosaic pair will fit together well

on a strictly point-by-point basis• Itowever, the
difference i_1 scene content, owing to differe'lt
season_ and years, will jar the eve. Tile ovet'all

tonal balance is off, too, because of much stronger

atmospheric interference in the humid summer

scene (1350-15190). This same problem exists

when aerial photos taken on wMely separated dates
are mosaicked. The distortions near the edges of

aerial photos" may be, considerable owing to the
increasing perspective angles away from nadir. For

low-altitude photography, this distortion can be

large. For Landsat, the scene width of 185 km
relati,,e to an orbital altitude of 970 kin, when
expressed as base to height ratio (185/970), ensures

snulll perspective angles at the edge and thus little
distortion.

#2-49: hnages taken at different times of year

will show different overall tonal densities related to

seasonal variations in refleetances as the Sun eleva-

tion changes. Tile variations in atmospheric inter-
ference and in vegetation brightness, mentioned

pre_i'iouslv, also give rise. to notable tonal differ-
ences i:t a full scenel ht btdividual parts alan image,

differences in field patterns as crop planting and

harvest proceed, will also influence the harmony,
especially where these patterns abut at the ]oin
lines.

#2-50: Obviously, obtaht the images as close

to the same time as possible ht the same year. A

ma._tit?cent coh_r mosaic of all of California (42
seep,es) was produced from Landsat by using August
and September 1972 images. Jo#t lines cannot be
detected, first because the tittle #tterval was short

and secondly because great care was taken in color

photoprocessing. Tile next best thing is to take

images in different years at about the same time
period. With Landsat, this is possible because of
the high frequency of repetition (20 times/year;
images for the same seasons are now continttolis

from 1972 to 1980).

Finally, computer processing allows some
ad[ustment of differences caused by illumination

variations and variable atmosphere. However,
natural vegetation differences through tire seasons,

and man-made changes, cannot be compensated for.

dd.'_ - •__--_1. Your decision.

#2-52: Regional plan':#tg; analysis of large
ph;,.qographical and structural units in the crust;

tracing o.f fault systems; recognition of regional

differences in crop planting practices: state or re-

.
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gionwide forest im'entories; aiding geogr'aphy

students in obtain#tg ati orem'iew .oJ'a con)incest or

a re_iim:" others.
. ...

_2-53: The sMe'lap is" about 35 percent. This

is riot lotttsttal ]or aerial photos, which may hare

up to 50 to 60 percent sidelap or orerlap. The

fraction raries with .latitttde ]br the same reason as

the conrergence of longitu3htal lines. IL_'amine a

ghJbe of die Earth to visualize this. The three-

dimensional stereo e]fect with Landsat is o_te it)

which the rertical exaggeration (seeming abnormal

rise or eriensh)n t'Lf such J'eatures as motmta#ts

above the general terrain level) is much less than

))st)ally ettcotmtered ht aerial photos.

-.__-_ 4. Again, a subjeetire situation, hut you

will probably be suq_rised at the api:arettt stereo

effect you see.

-_-. a. Both the Sun eleration and azhmtth

will be significantly different on sttrstmer aml winter

dates. This, ilta 5t'Hse, is somewhat like looking at

the same scene from separated perspective points.

Differences it) shadow lengths accentuate this

e/feet.

: =2-56: First, awareness of la'rgo" change# fit

topograph)'-seeit:g rariations hz slope, #t "height,

etc., may often reveal subtle differences that aid

in recognition and hlterpretation. Geologists,

partictdarly, find that geological structures {foM

limbs, faults) are more readily understood when

the surface is visualized in three dimensi,.ns, it)

hnvlands terrain, patterns that appear fiat and un-

distinguished in a plattar #nage arc" often rerealed

to be different Oz nature and origin by tire low"

re&,f rariations seen bt stereo.

#2-57: Tlte ma#t modification would be to

dterease the base-to-height ratio to ac_'etttttate

(exaggerate) the topographical rariabilio' or n, lief.

Stereo in orerlap along the same orbit is preferable ""

to sidelap along suceessire orbits a day apart.

Cheek p. 385 to learn wkat is actualO" p_oposed for

Stereasar

Activity 3

=3-I: Yes, tlze corn fieM pixel in the UFF,:r

left. ..llso, the bottom three pixcls are nearly

"'pure. "" lh)wew,r, the corn I;ixel, and others, is

really a ;ntdtk'omponent pixeL It consists of corn

pla_1:gtgs phts st)#, with other materials, inehtdit:g

u'ater {xoil moistttrt'), probably present. Ih)werer,

the radiances of this compottt'ttt arc, contributors.

in their proportiotts, to the shtgh' pixel rahte for a

feat))re specified as a corn fiehl, which by defini-

th,t is a mtdticompom'nt etztity.

Bamt 5

1. tO.50) 3t)440.50)lO=._"

15 + 5 = 20

.'. {0. 05) I 0 440. 30)30440. 40)30

440.15)25440.10)I5=X

0.5+0412+2_.5+1.5=45.5

Band 7

I. t0.50)55+[0.50)5 = X

27.5 + 2.5 = 30

" {0.3D60440.40)60+(O._._M_-._--.

21 4244 17.5= 6_.."

A ¢0.05)5440.30)55+(0.40)45

440.15)40+[0.1013G = .v

0.25_I6.5+18,-6+3=4S. 75

_, tl.. _ IJ(Ir! .'fl I_'1 _ _ .....

10.5 + 16 + 12.¢. =.,/''

.Vo re." The areas lot parentheses) are "'eyeball"
estimates.

511



#3-3:

Corn

Hardwood

Grasses
Rock

Shrubby
meadows

Pine trees

Upper right

Lower left

Area (%)

•"£ 5
¢. 30"

45

15

<5

<3
>95 Hardwood

I00 Grassland

.

i

l_bte that five components still remain bt the lower
right.pixel.

#3-4: If components with d#nensions equal
to or greater than those of the sampling pixel are

many and irregularly distributed or spaced, the
probability that several will be within the pixel
boundaries will decrease With decreasing p,.'xel size.

(There are several ways to state this ride.)

#3-3: Correlation with specific features is not

..... good. The highway does trot show up as a specific
pattern. The tree areas west and soutmvest of the

lake seem to be contributing to the reddish-toned
pi.x'els. The neighborhood homes to the north have

some expression in the more gray-toned pL_els.

#3-6.'A microscope with n:ultiple lenses,

each hating a different magnification.

_3-7." Your attswer should include such points
as these: A small-scale Landsat hnage shows ,'-
gional patterns, trends, and interrelations, zt is

especially itseftd in portraying the contextual
relations of large, first-order surface features.
I; allows measurements of distribution and changes

in these factors with the wasons or over longer

periods. If the application requires recognition of

features of the order ot'a pLvel or smaller ht size.
then aerial photographs ouer't :o be part of the
data gathering s)'stem.

#3-8: Band 7 has a bar, l width of O.3 lain

whereas bands 4-6 are 0.1 ttm wide: this greater
_qdth ]'or 7 is necessao" because of its lower

detector sensitirio', attd s'J more radiation must

be admitted to provide a response that can be

measured accttratel.v.

#5-9:

1.

3.

4.

Similarities:

They all show a rise in reflectance from
0,4 to 0.5 tam.. ' '

7"hey all #,ow a color peak" in'the vis-

"ible. ' " .,:": ....

The reflectance 'gradually tapers off at
longer wavelengths.

All but water show at least two absorp-
tion bands.

Differences."
1. Water is much lower than the other

three in total reflectance integrated
over the 0.4 - 1.2 _m interral.

2. The two vegetation classes have their

maMmum refiectances in the infrared.
3. Rock-soil material is brightest in the

visible mlzge (not always the case," rock

tn.aterials can be more reflectant in the
near 1R).

_3-10: Regiotml or synoptic perspective, atud

frequent (repetitive) co verage.

=.3-I 1"

Xt A2 ha
Grass-Wheat 0.65 0.80 1.20

Concrete-Asphalt ' 0.50 O. 70 0.90
,'Travel-Shingles 0.48 O. 78 0.95

Wheat Stubble-Fallow Field O. 70(?) poor
Sugar Beets-Gravel 0.65 0.95 1.30
Tree-Bare Soil 0.65 0.95 1.30

Vegetation/Non-I'egetation Differentiation in 0.3.-0.4
and 1.2-1.3 lain intervals.

_3-12: The problem stems from the length of
time (integrating time) needed to measure across

broad spectral intervals. A laborator3" grating

spectrometer receivh_g reflected radiation from a.

standing target fsuch as a mounted santple) requires
many seconds to a minute or more to sense across

a continuous interval from 0.4 to 2.5 wn. Field

spectrometers ashtg diffraction gratings, filter
wheels or wedges, or interferometer filters can

scan comparable or smaller interrais #t much

shorter times. However, a mo ring target complicates
the t_rocess-hz effect, the l_,eld of view that is en-
compassed du, ing a full scan is "stretched out" in
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size, thus greatly "reducing spatial resolution. The

astro_lauts on Skylab cotr)pensated for this motion

effect by v.isually t,rackt.ngagroundtdrget through :..
an optical tele'scoRe_attacbe.d t.o a mounted mov- "
able spectrometer that ,t;as "continuously pointed

and held on that target.

Techniques do exist to acquire quasi-contin-
uous spectral curves from sensors on tlnmzlnned

_atellites. One is to use large numbers of narrow

band detectors (e.g., 20 nm band width) that ap-

proximate a curve with these close-spaced contin-
uous intervals• All such techniques experience
limitations," as, for example, inadequate signal-to-

noise ratios.

#3-13: Purple (red at_l blue).

#3-14." White (all .three pritr, ary colors mixed

equally).

#3-15." All patterns with no (less titan 10 per-
cent) transmission will yield black. Brown tones

result from a combination of red, yellow (red and
green), and black• Additive production Of this with

transparencies is difficult, as brown does not

appear Or the xtqndard chromaticity diagram. A
translucent gray fi[ter will a'dd some "blackness"

to a yellow or orange projected color. A combina-

tion of red, some green, and black from a separate
source gives brown in a color print made by the

offset process.

#3-16: ht B, red or white, ht C, #tfrared radia-
tion (by using a high band pass 1R filter that does
not admit visible light, as some do). A bhte-sensitive

filter is needed to pass light from a bhte design.

To a sense a yellow design, either a m_rrow band
yellow filter or a filter with broader spectral
coverage (e.g., an orange fil;er) than a red filter,

is required. Infrared radiation must be transmitted
'" through ati #tfrared-sensitive filter attd recorded on

infrared-sensitive fihn.

#3-1 7." I'ariations in radiant intensit.v or in

reflectance among most classes of regetation are
relatively small #t the bhte, green, and red wave-
lengths intervals but are notably larger in the

O. 7 to 1.1 _un interval. Thus, the wMer range of
variations ht that inten'al mui, eii ,,ore sensitive

to differences or changes.

, #3-1B: Purplish-blue.

#3-19." Sediment patterns, a]mosllinvisible in
Figure 2-1, are readily seen in this version. The

patterns strike the eye as having distinct definition,
with detail and gradation now evident. No other

features clearly stand out better in this blue-
dominated version, but the suburban sections in

metropolitan areas (e.g., Philadelphia) and even

s#nilar cities (e.g., Allentown) s._re some of the

orange tones of the centrM, sections.

#3-20: Figure 3-4 color predictions:

Co ver type 1 bluish (faint)
2 blackish

3 dark blue ..
4 red

5 dark gray ,.-red
6 red (with pink or orange tone)

7 cream-whi, e to light tan
8 white

These colors do not ahvays appear as predicted in a
false color composite (compare Figures 2-1, 2.-6,

attd 4-4) because of differences in processing and
other factors.

#3-21: Cover type 4

Cover type 7

Green (with bluish

overtone)
Cream-white (no real

change from standard
.false color combina-
tion).

#3-22: There is no blue-centered band on the

MSS. "

#3-23: 77t_ obvious answer: a blue band. Re-
member, t.hough, that undesirable interactions

between reflected radiation and the atmosphere
are greater at shorter wavelengths; in other words,

the blue band image will be degraded as though
affected by a haze. This can add a bluish tone to a

natural color image, as is often seen in aerial

photos. Correction by digital processing can reduce
thi_ deleterious effect.
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#-4-1: Harrisburg 1t-I 3

Chesapeake Bay Q-22
Interstate 80 I-I 0

Allentown, Pa., R-6
Juniata River C-11

Reading, Pa., 0-10

South Mountain B-I 9
Delaware Rivet U-19

Sudbury, Pa., E-5

Lycoming Creek A-1

Penn. Turnpil:e 1-14
Gettysburg, l'a., D-20

#4-2: Other evidev t features include _ze _lue

Mountain foMed ridg_ north of llarrisburg, tire

Susquehanna River, ,he Schuylkill River, the
Chesapeake and Delaware Canal, the tOWhS of
tlanover, York. Lar, caster, Hershey, Lebanon,

I¢illiamsport, Pottsvi le, ttazleton, Wibnington,
hzterstate_ 83 and 95.

#4-3: A subject. :e atuwer-self evahtate/ You

sho,dd concur with the opimon that the spatial

character of the con:purer image is sharper. Con-
trast is betier and boundaries between zurface

features having difJerent tone levels are crisper.

Thus the fields #z the farmlands, even though
small, are more easiiv recognized if their crop cover
varies (barren versts stubble vcrxus unhar_'ested

crop).

#4-4: There may be several new features.
_but one that stands out (best it: band 7) is a new

reservoir west Of Leteighton (coordinates N-2/3).

described on p. .i20.

#.4-5: Tlre tone or gray S,evel in the October
1_975 band 7 ..;cene is darker for tire mountains and

for the scene as a whole. This results in part from

lower photo,;raphic contrast (note that one or two

. more gray ._teps rr_)" be distinguished in the step
bar scale at the bottom of 2274-15060). The

slightly lower Sun eleration (33 ° versus 37 _)

reduces overall reflectance out L_ trot a ma]or

/'actor. O,ze might _tspect that a difference in

Activity 4
• 4 . •

foliage is ", nrim'a_ cause. By O( ;ober 23 most

deciduous t,ees in this part of the country have
turned orange and red. The false color cgm,,,-_ite

(Fig_re 4-3BJ shows more subdued red tones,
typi. al of the sig_ature of brilliant foliage in fall.
tlowever, the band5 rendition of fall foliage usually

also shows a Orighter (light?r-toned) signature,

while band 7 renutins ,,,ery light-toned (.since ceil
structure of the leaves has not yet changed much b.
The EROS Data Center version of band 5 is ab-

normally dark" a,ld flat (me. e like a _and 4 print).

Still another factor may have been more moisture

(humidity) in the atmosphere during tire October

I!! 75 o:'erpass, which would reduce.the reflectance.

#4-6: Aga#z, subjective. However, you will

alntost certa#:ly ao;e the Landsat images as superior
in .terms of detail and, especially, color balance or

effect. The blue dominance hr some Skylab color

IR photos is esthetically unappealing and distract-

ing. The strong blue overtone is ]'airly typical of
aerial color IR fzlm (and less so in tu, tu_al color

film), especially when tire scene is hz a humid
climate region. The blue results from Rayleigh

scattering by the gas tt:olecules in the air; this
scattering is most efficient in tire 0.45 to 0.52 lain

spectral in:el :'al. The effett is strongest whet_ the

Jidl cohtmn of atmosphere must be penetrated.
as from a space platform.

#'I-7.. Roads, agricultural fieM patterns, tribu-

tary drainage channels show _,'p better, or first
appear, in the S-190B photo. Definitioa of detail

within the towns is not significantly improved.
The increase in resolution by more than a factor of

2 does not seem to produce a correspond#tg t_- "
crease in information.

_-8: Smoke from an industrial site.

#4-9: It cottM _e industrial smoke but it is

dispersed and thin. There is no obvious source

(such as tracorg a phtt.'re to i:s origin wouM pin-

point), and no large b:dustrial town is nearby.

Other possibilities include smoke from a forest fire
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,:tn U,clht,ttl ,tr¢,t (so'. flit" ('_,lntllh'. I'ldh' -ll_ III

[t_._t, )!I t, c I_ll'lh "'1

# J- / .'. I ,tt',_ , pfcc _ltftltltc cttx _'c In'tltCt" (,|#It, itl.£/t

:_ (" ('I'(T|" ('l._/llC'_'ll ¢tdl'._ t'l'('lt liir ,1 11IlliCit'it/ trht|"

(lh'tt ('tt<_tO'/t. h _ t',llt'h _q'£,l._'lc qhtI , ffii'thlC/'._').

'It' r('s, Iht Ih It| ,t 1._'¢ I h,lilttccrs ,h'h'c'lt, ';" , if ,I si'¢','1 li_"

:II'l "l" 1It lltdlt |" C"d3"('.l"

fl'J- / ¢ I']t¢ .W¢lh' IS It( II .IS ";rt.%'ll "' ,JthJ I.'i tth cr¢"

._hc, t,)tH ,_r /hl:r fists ts trhtcttt 1t1 t,,ttt,t ._ ,ttht

,'Sl,n't,tllr trttc ¢i_t" I,,ln,l .1 ( tit it Slh i|l[tl), w/th'h

, ,1tl , ,'cr, tll dc<r, htcd 1, ,, d,

;s.l.l.l I'lh' hltttlt,'htr ,in this .Itt'lr ,t,1t¢ u',ts.

!.,:_"'. _::,:_" l'::,:til ',:.I, .:';,,, 1:.;r," 5,:,: "'.."J:_ '"

',_1 I',#lttt,tnts fh,lt I,t111,t _tI) _l|'_'t" tit:st'It ,)¢ the

# ,/l;l"lltt_ [ht._" _'(',;._ccll. /¢,'II,ls .l ,Itt,l "_ ,Ire trhq'C

:r,:dc, t /,c¢,ttt.w , i1 the Itl•t_htr _k rltcltt t¢¢h'¢t,llt¢¢

:hc.w w, trclttt;th._', ilt c'¢liTl, c'l'c'Fl' I)1_CI r,'c'c'/l*('x

"ld[I , ,_1131,111[ ,, Illll lt_,41h 'll [,c tII(',t.'illlC,l" r,h/hllh*c"

'"l ,lIRh lY/_h(Th" r<'l](','l, )l'_'. /Ill5 [<'lh/3" [, ) /_¢'s._:t'?l

'<'/<'tlc'c'X 1St .s/q'_'tr41 I_'._p, )/ICe'.s" lrr _lts ttfl,/<.rlltlt.k,

t,l< •c" [(',S, :II'C_

tt.l I _ l'/tcr¢ ,tt'c wvcr, tl ,itl,tnttt,tlt|'c' h','h

/:t('S ¢,cr rc'tlh)l'l/I)_ sit" Pi',llh'ltl._ th(' c'flt't'[._ ,l[

'hU//_/h'l'lC r, hllditt'(', tilt'l' /i'll' t'll/ll't _ltl (*_l/r('l'.

,t_ lt'_111! llh'l<'c)t_clcl._tCd/ ,Llt,/ c)r ¢)tt _|'3[t'Ithgh"

:i.'_ltlZ('tll_" ,if' [ct_('l I',hh,ttl<'c'._" lYI" 14._lll_ ,1 _t'£th'-

'c't;,1c'lll _'clt'r,','[h)lt fd(t,)r l.q" _)_ I/h" t'_llt/_zlh'r

('|'lilt' l/I(' t'( )rl e'_ 'lie itl. ,st/ dc'S,TI/,('d t )st p,l_(" -I _.'.

.:/Hh)_I tthlthJ, ll,)tl' ,/tit' ,)//h';' ll'dl' Wt)ltl, j .q(' ,1

':llc' fc)ltt'( "'" ('f/t)/.

;;.1 /h /Th' Wltlh'r _,'c'tI¢ /I,l._ _rh)tc" I')lt'h',:t.l'c"

)'ts'ts,tl itttl),:,.'t .)h':',:::.':," .':;,:ttr .•:i_[_('¢ fl;ttllh's

l',lrth'ltldrll" //h' /11clltlll,//ll3". //IHh)r dr, ll/t,l,l_¢', and

the' .drtt,'tutld k°dltl O/the" I'lcd';Olll .l'Ct'ltl ill ._l,llhI

, _tt I nl_ it';' lit rclic"f JTtis I,dthl " itlhl.¢t" ._.h)B'._ l/It)F("

,q,I),m'nt "c_ftttr, lst 171(" rdict ix 111,_t'c tri, h'nt I,¢-

i',tlt.w c_l t)h' li._ht 4,tt'k I,,ltttnlx l_n _thti't',l 3 l" dld,I-

,_ws Iii'Itltt]l the rhlgcs, 171Is t'c.wlts (nml the It,i"

,h'lttt ,lit;h" (.'fl") 17t¢ ,llc.wnt'¢ c_¢' n'_¢t,1tt_m ,tls,_

,I t ti'cts tlti" gr, i r h'rcLs' , _¢ tit( htll sh ,l,¢S.

tt.l-I ". 171," c lr,'r, tll s, l'nt" l,rl.¢tlt ttcss ts ,lttnintsht d

,_wttt._ tc_ dcttc,t.wd tvlh'ct,tncc ,Is the Ntot ,tt_gh" ix

h_ll'¢red. 17its ittfllwnc¢._ Sl_Ct'trdl _lgthlltlr¢._

br rcdttcin_ the tnt¢Itsitr h'vds I'htls, d(Hi'rtnccs

ttt Sl_¢Cttig rc'xl,c_nxc" ,Ire stH,dtw,t, h',hlittg tc_ ,I

xm, tlh'r milK( (if I)\ I',11ucx .tnd h'sx t;hlttmlttrlc

s¢11._tttritr, which will ,hmttttsh cl.ls._'ith',tthm

,tl'¢'Ill¢lt't'('._'.

a.l-IS ht I ;qklSlOt ). II, t.'h't,m ts I,_(',tt(',l

_il'lthltl \"." 17ITS. ,ltl, l Ih',ll/'v I,;WIIX. /_h' Ill t/h" Ih'dH

)! lJh' ,I/I,',lllitt'ltC t', ',ll _tlllltt.t,. Jl.vI/Tt't

u.l.l') I¢.m,I _ ll,,,h'tat,'h" ,Ltr_ ._'r, tr. Ibn, I

I blt, is| l,l,t,'&,

"_.1-.7¢; /lark l,h,shJ,Lh'_ IT|is ,m,t sl,ttLlr

t, ,n,ll l,,tlh'ttI_ ,'_lrrcsl,_Clt, t l,_ r.L# dr£,l._ li'llhttt thc

r,tlh'w tt,_u' c,u'crc',l l,v _w1,1,'c "l'th'x" ,1¢ _r,,tttt,l-

''t" '_';1 ,11_',_' t'.'/';,'l _I.LS_',' t'liq]..'3 tt,qtl ;trill _'l,_

c'c's_,ltl_, 1"11¢" r_',t, hsqt l,_th's" ,lt,_mtd I" arc _t,c_ the

tcc/' r,',t ,1¢ ¢,,rc_t_ ,tl,,tlg th," t't,l;t _l,'l'c_ l,tlt Itl

l'/dt*l'S Iyt'rc'.s't'lll /¢',S'i i/¢'tt_,t ° ";t,tthI.'; _f 1"¢ Itltl.ttc'r [t'l'c'x

,It/,/ _ltlltr |'cO't,ltt,_tt ._t_)u'tn_ ,_lt ,l:tt_11,t',t c,,,11

II'IIIM" I)I' Ill 3trill _tllttc',I [c'llkltll Ihllt ' lllhl('l'_()llI.(

r,','Ltm,1tt,)tl S,',' I_gltt<" o-.'1 ¢ t,, rtxt_,tli.'c" ths_

¢_.I-.' I 1, ,_t .dl, ,td, I t,',', ,_t11.'c ,I _tlhlll. cl, )tl._,lh"

/,,),lr ,_! w,th'r, w/tt,l: 1_ _,,,,t," tr/,c ,,_ l,t]w

I:.I-.'." /711s t._ fit(" _,WlC /.t._t'. /,ltt It I._ ,h_tltt,'t-

Iv 1, _l;¢r fhts c, ctd, l !,c ,I tr.ltt._t:'_lt ¢¢h'¢t h'l, tttd t,c

ttt,rc,t._c,l r, tltl ¢,;11 I,t_t ts t/I, _t,'/,1, _l,,tl,lr ,t t,crtthtncttt

tc_tdt fn,m ._'r,hht,d ¢illiIt_ 17to 1,1^," ,lt,l,c, tr_" I,i t,c

cr¢_I _tthllh'r st1 [/1(" /'J'.' _,'cm' II;._tm" .fiR(

_:_t_k'c'_[ttt_ I/t,ll ,t _l, n_'. /,)tt_'.tcr.t tJllinR l,n ,c¢_ u,l._

::.I.." : 17tlx s(',trc/t t,tkc'_ ,'cry t',lr¢lld _trlttlnl"

,ltl,l ,11_._._'c_m/,,trt_c)tt._ ,_tt r,_:tr :,art f/t( [') ""
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/,and 7 iutage shows three black Sl,Ot.g.in " _t tow, all

I)'itlk, tll_tll'e dnotht'r pattern." thus. _ . This
arrangcment is different ill the 1973 imuge. Thc

IPrtmlitlt'tl.t SpOtS arc quitc fitint _ltl¢l on/.1' the lower

pattern 12t'r._ists. Sinct' this site was not i'isit_d.

hilt" Cab O,tll.t" SlWCUhttt .' un hh'ntit.l". The Iq77

uppcr spnts t#V_car to hc I_odh's of wuter (small

hl_t,s or possihl.r htrgt' ponds). "Tilt' IqL." ttlq_t,r

spots look mort' like "'Ol_t'n "'areas. !_ossihlt" ch'arcd

./'ichls. /'hi' hnt'cr patti rn rest'mhh's thdt of ilearh)"

coal wastt's. These dt'thtcthms, made ellgirt'll"

from baud 7 imuges, are I>orue Oltl I_.1' illspcctbltt of

the 197.¢ coh_r cmnpositc (I.'igure 4-7) and the

lq 77 coh_r cmnl_osite .tbr 2004-14452. (7wok Ji_r
.l',;ttrsclf

#4-24." hi the 107.¢ imux'c, tilt' area arottud

each arrow is ,t incdium dark gr, t v./toticeahly _htrker

than the sttrrt_ttndings. Ill the 1077 ilnagr, the

cquil'ah'nt areas are light toncd, and ,Io not differ
]h_ttl sltrrottnding arc_ts dhltlg the ridges.

_4-25: 17tc tonc is _htrk gray _'t¢ ,;or as _hlrk

,Is the sttrr,,un,lings in gilt' Iq73 imtz,_t', l'ilt'st"

,Iretls drt" /liSt tlS ddrl_ ,Is tilt' !'t'l W ,lurk sltrrottllditl.t_s

ill tilt' I q 77 iOhtgt'.

•,4-_0..I grayish-red, somewhut SlWckh'd.

::4-'- lTtc rid._c ._:ur, mm!iH._._ arc ,i rich re,l.

t;'i_h'al Of hculthy rcgetathm. 17tc gray h'vcl is

nt_! nt'_lrh' ds _hlrk us ptlrts o.f the ct,ul dFt'dS. I_llt

tlt,'rc tlFC sp_ i It.|' pdrls _ _l" th_ Ist" _lrt'ds with grdv Ic rt'/s

_II:tHIt tilt" _'dlllC tlS the ,trrol_,-markcd J'Ctltltres. Ill

tht' COlOr illl_l,_t', SOlllt" grd.vish-rt'd lOllt'S dl'C Cl'hJcllt

ill grit' _'_tl ,Irt'_t._'. l,t_t this ill itsclf ,A_CS not pr_rc

tlhtt tilt" stlmd .!i'aturc L_"present oil I_Ill rid k,t" dlld

t't _tl urt"as.

=.I-2S. 17to 1'4".." "c,tturc i,otcd ou the ri, lgcs

is IIoI sitt t'h',l out ill the Jtt[t" 107" int_lgt' ,it tilt'

SdDII' drCds - which urc u hrulth v rrd I_llt so!nt'whdl

silnihtr ._td_ducd reddish h_tlt'd drt'dx ure iIott'd ill

the ridk'cs clscwht'rt', ds well US ill _'Ollle o.f tht' CO_ll

II'_lStt" dFt'tlS.

=4-_'0 \'urt_w lim'ur :'i,lgcs. purl o.f the

.ridded stall,lent, try rock tlllitx ill thc I',fllcl" ,tlld

Rid ec prol'incc of the .IPl_al,tchians.

#4-30. li i._ ]L'irly whh._p,,.ud i, iht / _ 7.¢ baud

7 inmgc aud cuu also he seen. usually in dif]i'reut

places, in the two I q77 band 7 images. Tilt, di]'_?r-

('ncd hctween areal distrihutiot! in tile two 1_77

iulagt!s rcsldts in part lhmf a disparity i:l the arerage

..k'ni'.l'h'rcl (an_l deusit.¢ rangtO rehtted tq processing.

_4-a 1." Your artion:

,,4-. _...I It:lOSt uo coincidence or orerlap.

#d-33: Your choices:

#4-34: The ]',.'attire alqwars to be fiirther th

the west ill the I q 77 sce,:cs. Its distrihutiolt st'eros

trot]bled to the ht'arily Irooth'd YJd, kwS. It Ot't'tlrS

in patches, httt the area withbl a patdh is Itsltally

uniforml.l" darl_er, lghdtcrer causes this rariathm.

as revealed on a ]'ollowitlg page. is transient, proba-

I_l.t. st,asonttl, and migr_rt'or.l", but seh,ctirt' as to

grtmud chlss.

,,4-._._." Yotlr action;

#4-.¢0: Ih_th dt'foliated areas and pinewoods

lt'tld to uppcur in darkcr gray Iont's thrill sttrrotttld-

ing health1' ]brests in l_ands 6 and 7. Ilou'el'cr. tilt'

!_illt'woods shm_hl Iw qltite dark (darker eretI than

,._,_ot'itut'd dc¢i.hlotts trt't's) ill hdlhl 5. wht'rt'd_ dc-

.tbliated areds un" usttall)" hrightt'r than the ]brests

,t_t't'dllSt' :mdt'rl.rhlg mqls. DIOSII.I" hrDwIts _Illd reds.

,'dll Illtlke d strong t'otltril_tttbm to tile re.!h'ctance.

In ,i t'ohlr cotnl_,,site, phwwoods gt'llt'rall)" show Itl_

as ,turk gra.l'-rcd ,hying to their darker lerels in all

hdtld itll,tgt's, l".rt'_.rt't'ttS ttSltail)" rcflcct less ittfrttrt'd

rtldhith q! lh_ln qlost dt'cidttotts Irt't's.

-*4-3 7." )'hilt map:

-_4-.?S: You shouhl lln_,htce a nlal_ in fitirh'

good agret'mcnt with Figure 5-35, except that .wmr

map will have more classes. Estimate coincidence

In' confirming your comparison with equirah, nt

classes: water, health.v fidiage, defoliated aft'as

(ctlmhint'dJ. coal wastt's, dlld lal'_f' lOW/IS. Tile lerel

of cla_s_lh'athm ,_1" coal wastes is greater in the

I.'igure .¢-.?(_ limp than the single h'l'cl .volt smtght.
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:_.I-.¢'_ Bccausc ,_t h,tzc irt sllmmcr, b,m,ls .1

,iHd .4 #thlt.'t'S /IS:hi]]l" ,lppt'dr Sotth'w]l,H ,LJr_cr

(which lit,Isles dt'htils) [h,tn d_t witttcr ittt, t.t,'t's, l_llc

sh,hh_w cl_f_'ct is Cml_h,tsi:cd it; wbltt'r by h3wt'r

Still ,t/t.dt's. Ih'si, h's gt'_ )ttl_ _qglic.fi'attarcs..timlt lint',_"

arc gcncr, lllv Itl_ll't" casiIv ,tCtCCfC,I ill IR ,tnd winlt'r

i/lid tlt'S ( lt/llt'._s f]l_" .qr_ltt:,l is ._'/h)W t'_)l't'rc'd). /,IC_

_f /c'_lfl' I'('l_v('[,l[i(_tl /tldl' Of trail" HIll il?lpl't_|'t'

.h'h'cf,llqlitv. I[_wt'l't'r. DI tilt' itt.fr, lrcd imagt" t/ic

_l't'/',l// st't'llt' is I,r_,,'htcr. ('_;Ittatst bt'fwt't'll /,right

,Vlol-l_lt'itlg shqws athl b,h'h shq_cs is ._rc,ltcr f_r

t_ _l,t Ltraphicdl .fc,ltltrcs t'_ _ntr_ ,Ih',l I,v It tldt'rh'in," gt't _-

h _i_ "dl traits I._'ut "It d._" ridgt's ).

_.l-4fl.._'qittl¢' _)f [hi" It/It',l.-.¢t'aglll't'S lit lilt"

I'icdm4 _;It I,ts at .% 15 bl _'t,.s'S-1.15.< 21 c_rr':si,_ _lt,I

,'h _t'll' t_ sillgh" str, ltigr, tl_hic ;lllits. 17lest traits. ,)1"

s_ils ,lcri|'t',l .them tilt'Ill, tlhtV /,t' ._ch't'ti:'t' /h_SIS t,'

z't'ett't,ltioll, l_)l" t'V,lt/ll_h ". t_iilt" trt't's _.Itt'/I t'¢_?lt't'/l-

trdtt" __ll Itmt'v rcsi, ltt, tl _;Is .D'_ _llt _;tl'l_ _tt,lh" rt q'_ x

S_I fh,tl. (t't'%tt'llSil't'. flit'St" IFt'('S I?l, ll" t'dllSt' tilt' IIHffS

t,_ ,if,pear darhcr :,'ray. th)wt'vcr. ,_'cr, lll in this

St't'tlt" triller mdil'i, tlt,:l t',_t'h :lllit._ drt" /l_)l scI'dr, llqt"

t)', ,m , _tht "r_ , _.t,l_fti'rc!/t lit/;, _h _:'v.

1'hi' I',///ct' ..'tt, l Nt, l t.'t' Iq'ortm't' ix stri]_itt.t,,ll'

,h'.v_Ltvcd m _':,SN-1.155.'. I'tlt ' I':c,h;h_tlt ix ,,Is,_

htg/tlightcd, hut its :'_tttht'ash'rtt t',qtlld, tlT i_" 'h _t

Slhlrl,h' ,h'tbtcd.

:_.I-.11 I'hc wmh'r ,,'cm' 12:, ','>'- 1.155 C)

I_ ¸

z.l-l_' I.'_,r _'f,SS-I.155_"

17lis _ccms t_ l,t" ,IS__q'i, lfc, l with a _li','ht

rl, l:dc It c_rrc.v,,,_hi._ t_ tr.'c-,,_rcrc,t t',l/ll-

I,ri, m mt'dist'dittlCVlt,trv r_t_s ,_tl tltc th,rt/t

SMC ,_t" ,Z ._ra/litc mtrttsh'q. It .tits well with

flit'St" ;tttitS, but it {_ tl_t _:'t't_ttS If'hi" trt't's

,1_ /h_f dSS_t'idh" ,IS well with lilt' S,l!th" ItttilS

_;t :lit" s_t/th dtl,l l,_ tit," cd_t .I l,t_3,.'t" t,tttlt

,lls_ t'h_st'l_ .fits lh:_ .lt',lt'trt'.

t.) 3,)uth II,)tmt, tin 17;i._ i._ ,mix, d, ztc, I mt)tm-

t,dn c,o;ll,h'x, h,_vtng f_zlrlv high rclic f] it is

,mticlinal itt _tr'.tcttlrc wtti; stCtT_-,lil,lqllg

(",lt/tl'rhtH ,m,l I)r,l,,l'ici, tn ,_,ct,tscdimctlt,trv

;'_t_.g wr, t/V_t',t dr, ,UII,I _l,h'r :4nits. ittt'l;ali;I.q

,rv_'allmc mw._._ ,,_; lilt" ,',1sit'Ill ._hlt' In, If

s'i, hhtl ttttits drcfl, _t vi_it,l,', l?tt' /'_ _tttt,Ltrv __ll

lilt" C,lst _i,lc with [_wt'r relic r I'ri, tssh" r_c_s

t_ :d:dt-_'_ttr_llc,t. It _lt_w_ m lilt" l;'Id_tTV.

(Ill l_,tml 5 hna.ecs, it corresponds to a sllarp

lib';CaSe hi rt'gt'ht /h m. ,tl_potring ,l, tr_. )

R: Fhcs'c art' stccp ridges un,h'rlain by tight/bids.

c_nsistJng _Lt Ordovician and Sihtrian scdi-

;m'nt,ari" rocl_ (ridgt's cotnpostd of/lard sand-

st_ mr's). }'t )ungcr ( I)t'l'_ )lit, in ) n )CI_s It _ thc cast

,tt'n _xs the" rt rcr are _'c,1_ cr ttnd fi irltt I¢_ w/,lttds.

lhis .t_',ttttrc is ,t I_rcachcd synclinc, l'hc .fit ix

(',Vt't'//t'_lt: thc ov, al,trca to l/if II_)rthwt'sf. fi)r

c.vamph', ch_sch" c_)rrcsl_onds to ,tbrt'ach_'d

,mticfinal th)lllt" ill which Onhwichtn carhon-

dtt'S drt' t'A'Igl 9._'t'd.

N." 17Its hilly art',t t'_rrt'sl_(_ltd,_ ,tl,_ttt cx, tctly to

d .l_mlt-htmttth'd ._r, tnitc otttlit'r. 17It" stccpc'r

western st, to (sha,h_wcd) is ht'M lip I,y rt'sist-

,lilt ( :lmbri, ltl It;t't,lSt'di/llt'lllS.

::.1-1.¢: 17tO c_l'rt's/_t_mh'm'c is h'ss It'!'//_ _'._'-

lWCSSCd ill the I, _w/,m,ls. csfwcia//y ill tilt' I'icdmont

WIlt'"t' tilt" ill fhlt'ltt't" =_tl ;','/it'.!',m,l tm vcgct, tth;it is

19_ h )l" ill HI, IH t' Iq, tt't'S. . I S c.V,mll_h's _Lt"this. t" _,tltlitl¢

I'-I.l / tht" ,,llrplc ._'r, mitt" utti/, g). Q-IS(;hi' |'t'llow

,t/h, _ ,_/,ttl'4t" units. XI'c. _wt'. a/hi ._'w_, ,tnd I1-10

(pttrl,h" unit. fh'_'l. \_tt'. t_,_, that mt_st thhz ,li_cs

( I'r. red It/It's) l_til t_ ._tl_w lqL I.,tml list' i!,lttt'rns

_.l?cn _blitt'r, ttc gt'_ _h _gic b_ _tttI,Ltrit'x in tilt" h _wl, tnds.

=.I-I.I: t)nh' ,t .ti'w of the Ilia t's ph qtt'tl oil the

.qc_ _/, _icdl tll, tl_ xt't'tH g__ ,tplq',tr ,Ix di._t'rt'tc f't'dttlrcs

ill tilt" im,tgt'r.v. .\'_tc l,,Irth'ttLtr[v ,t pair _(t'thitl red

( vc._ct,tfi_ _lt I liHt'._" itt th t" _'__h _l" c_ptttl_ _sitt" t _.f I.q50-

1.155" 17lcst m,tv /,c ,li_cs Ibut wcrc not !i't'l,l

U/lt't'_tq]). ()lit' ._'t't'l?L_ t_) _'_ _i/l('tol¢" with d i't}ltlillllOlis

red lint" !_l: tht' l/h/l)) I/hit {'I'O,V,_'t',_"lht" .fflt._'¢ltt¢'lMtttht

Rivcr. ._'ttt,lit'._" cl._,'whcr," in tht" l'riass'ic l.owl, tnds

,m,/ I'ic,hn_ttt _.t thc c, tstcr/I . II_pdLtchht/ts in,lic,ttc

th,tt thcsc di_t's scl¢h _;_t ]htl't" ,tII.V t_)l h_graPhical t'.l-

t_'Ct ¢ relict) t_ttt th_ pl'= _,lm'c ,litft'rcnt h w,tl. rt'sidttal

s._/I._ ,_ll which distDtt'lirt' )'t't_¢'htlh_tt If'lids to colt-

grt'_',ttt'.

=.1-.45. I"cncc lira's, tr, msmissit _tt ( l,owcr lincs).

_il pipe lincs, airl_Ltltt" rlt;tw,tvs, n _,t, ls. rdilw,tl' rL_ht-

_t2wdv. Ilt'd.qt'rows.

_4-4_. lid;It" liltc, t_tlt'tttx ,trt" ".ottt's o]" wca]_-

_Icss. t',tsit vcn _dcd t,_ fl )rill |'dlh'v._ a_l" lillt'ar dcprcs-

._t_/Ix. _lltt'r_" ,trc ,ts._Chtt:d wtHI chus. St;ell t_ q,o-

.. o
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graphical irre:zuhwities will m' emphasized by

sit,Mows if thcy are orit'nted at high ,ruth's (45-00 ° )

to the Slm azimltlh dir¢clion. Q" I_aralh'! to tilt"

direr'thin of i[Imnimltiolt. Opl_osing Sh)lWS in ,1 de- "

pression will Iw cqltatl.v irradhtted ['wit#out Mlado w)

,lilt/thus tllOtt" ,tiJ']h'tdt to see.

#4-4 7." Y_mr map: Odds are. it is noticcah(v

difft'rellt from one 1 might draw.

#4-4S: ?Tie I)t.cemher (winter) inlage should

rt'l'eal more lin_'ar J'edtHres I_t'('altst' of h)wer Still

t,h,l'athm. Ih_wevc'r. if .l'ott ttsc'd the It'D(" compltter-

enhanced SCt'llt" tbr (h'tolwr 1fl75 (P'_eure 4-3). it

shotlht show greater sharpness, whh'h shouhl h'ad

to st'h'ctiotl of lillt',lr J't'alttrt's otht'rwisc' missed ill ,I

stdtlthlrd I'drsio II.

Snow will tdlld to CmlUlaSi:t' /Hlcar fCdtltrt's

I_UUUIISe sh,ldows It•ill VtHllrdsI Ul'|'ll tlrddldr d.thlillsl

,l lt'hitd h_ttkgrottttd.

Lt'afh'ss fi;r¢'sts will remo vt" the c_tttop.t" t'ffi'ct.

,tllowhl.q d bettt'r vi,'w o.f the t?n;lltld. ..It Ldlldsdt

rt'sohllion, this In,o' riot grcat(v improve detcction

tj"lillt'amt'tlts.

#4-40.'.lh_st liAclv, h's._ than half ,U" y,mr

lineaments will coinchlc with the ORSI"R m,tl,. 17tis

tmdcrscores the ittht'rt'Ht sttl,]cctivity itt sch'cti_m.

¢_f t_ m_tltde litl_',tr t_',tlttrds.

=4-50." I.f v,nl dre sl_cl,ti,',d, kt'el, this ill ndnd.

St',trchitl._ fi,r litlt'ttlllt'lltS I'V COHVt'lltioItdl IIIU_tllS

(at'rial IUtOh _s.".¢eol_hvsics: gr_ rand tnapl;ing) is slo w

,ltld ¢'ostl.l" /t'..k'.. tUtd tUOlllt&l#l rtlttk'¢' ill II'.l'Ollliltt:

tt'ttS ottt'-tt'ttth tphtpped Ji;r strttttttrdl featttrt's ill .I_vd

sttmmt'rs fi.ft,'t'll IthUi-mottths; th," gt'oh_gist t'om-

ph'ted the other tline-tt'nths, ttsillg on(v Ldndsat. in

three hollrs). .Ihul.v discontinuous lint htr.'t' lillt'a-

m¢lltS dr¢ misst'd. I'l't'tl if I.all,lSdt im,t.t,.C itltcrl_rt':.t-

tioll prOdllCt'S malty "'ftlsc ,tldrms.'" eXl_lOmttion

._eoht_is.t _ would rather accept tilt' error thrill miss

some criticdl _mes otherwisc undetected. It L_"e, tsv

t_t t'limithtte thc _'rr_ Illt'l ;ItS _ _tl,'S. dS It't'll dx t_ ; I'¢'ril)'

thost" of rcal hh'ntit)'. I,)' cht'c_ing ottt tilt' (ttsttallv )

smalh'r drea_ _.( intcrest in thc.th'ld. A/so. note this."

hi ,trcas of,creater t'dlit'l] i'_tt wotlld l_rol_dblv hdl'd

m_rt' Ct_llfi, h'tlt't' ill _'¢_ttr dt'cisiolls o_1 locating

strllt'tllrt'-rt'Lltt'd litl,',ttth'tltS. In fldt drt'dS. _)r tIlost'

with Sld_,htcd relic.l] ttl_tttl' lim'ar fi'atttrcs tttrtl ,mr

f_ .I'd flrlH rt,:t'.t.s, tr_tllsttli_'_'iott litter" t't¢'

_4-51: You are I,robat,iy s, nnewltat frustrated

by this descriptive attempt. "lTte fiehl.s dr," actually

small dlld irreguhtr ill shapt" in this rolling terr¢tin.

Tho" ,ttYwar as Ith_tches and spots in most scenes.

Distrilmtiim patterns am hard to ,zscertain. )'ou are

pttslting tilt" limits.o]" Landsat (]-3) reaolution in

trvillg to determille fittTII la.l'oltt.

_4-52: By conqt,:ring I,,tnd 5 images Jbr the

tWO IIlOIll]lS. .VOlt lilt th)ltllt uolt¢.'hldt'd tlhlf IIIOrt"

fiehls were ill crop. with more udl"anced growth, ill

Jtdv. 17tis is hntituted b v a M4her percent¢_¢e ,t]"

,h:rk gnt.v spo ts (J?ehls with s6_'ni]:.cant plant cam_p.v )

dgdins¢ d light-toned (reJh'ctirt_ soils) background.

=4-53: ('ontoltr jizrnling--phnvit,g paralh'i with

shq_t" ill rolling terrdin. I"it'hls tclld to hi" cirri'I'd.

often with dltt'rndting strips of crop and barrett

grotmd.

=4-54: l'hosc in the Coastal I'lahts in Delaware

dlh/ .|[dryhllld ,Ire UOIISIliuIIOIISI.V [argcr dlld more

holl1Ol_UllUOllS. T/I,'.V drt" ltSlldlly mort' rt'ctallgltldr,

hilt I/It' orientations of ne(ehboring fichls are still

rdtht'r h,tldtazdrd,

=4-55." The corner of the June 1077 him.de

tit, O" I;c sorer'what o i'em,Xl_OSCd. .Vt'l'crtlt¢'h,ss. most

(,lore thdn SO lwrct'nt ) of the ]h'lds appear.lidlow

or ill cdrl)" stages oJ growtI'. Pt'rhal:s 5,3 I;t'rct'nt or

mort' of tilt" .I_t'hls ill the Sdmt' area show signs of

,retire crops (ttlditllv. Jitrtht'r ddrdnccd ill growth)

jil,¢ _t't't'ks biter in nlid-l,d.v, as Ollt' wouht t'A'lN'¢t.

=4-._h." 17It" ,wrial photo._" confirm most of

Whdt has lit','// s,thl iu tht" p_:st Jh't" ,tucstions. The

]h'hts droUlld L,tnca.stt'r are vdrhthh" smtdh'r, more

divided h)" strips into dll,'rlldtt" crops, dtld sottle drd

contour-phnt'ed. ?7re Delaware photo was taken in

c, trl.v Octobcr. two months dfter the Ldncastcr

flight, dtld thus shows m:itt.v ilew[t plowed fichts.

=4-5 7. I!',ttt'r is d strong ahsorbcr o1" ntdh:thm

ill the i,t]htrcd. .llost other common matcrhds dt

tilt" _ltrt_tt't" drt' IlOt. l'hc're.li_rt'. ill bdnds (_ dtld 7.

Wdlt'r will _tl_I_t°dr I't'rv ddrk. wht'rt'ds tltdrll" t'l't'ry-

thing else is variably bright (s,.ne exceptiotls drC

cloud sh,tdows, l,as,tltic nwks. and some buihling

m,tt crhlls ).
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#4-5S:Four variabh's needed to predict

snowmelt notoff art, 1) areal extent. 2) thickness,

3) density (packing). attd 4) rate of.melting all o]"

the sllow corer itself Landsat is effective hl mea-

suring only tile areal exteltt. Ih_wever, ill most

accessible regions, tile thh'kness, density, and melt-

Dig call be determined by measurements and obser-

vations at weather stations. Perhaps a minimum of

20 ill a full landsat scelle are required for all ade-

qltate estimate.

_4-5q: The snow seems thickest ill the valleys

of the fi_l, led rid.ee pn) rince. 77,le snow line (visible)

al,pear_ to rtill tltrottgh leh_lllOll and other towns

it! the l'i,'d:nont. South of this, boundao', snow

c¢_ rer appears insu.fficient to affect the r_Jh'ctance.

so that snow presumably has tapered off(or already

melted) between the line and the coast. Examina-

thin o] .IISS bands 0 and 7 filr this scene reveals

a decrease ill ligliter tones (thlts. h)wer reflectance)

throttghout the image, implying that the thickness

of the snow blanket is probably less than I0 ct:l hl

ttlost pld¢'es alia that the SllOW has #egun to melt

(pr_dltehlg absorbhtg water). The light tones ill

tilt' Susquehanna river vaHe.v are from ice sheets

(probably straw covered) where the river has frozen

over.

_4-_0" R:tm_ty prediction is" tts,'Jid liar esti-

mating 1) potential ]h_oding. 2) amount of water

t_ he controlled h)' _hmts. and 31 water likely to he

arailalde ]br irri,,'atio/r

_4-ol. I'atehes of snow in rugged terrain can

resemhh" t'ttmtthls-t)'l_e scattem'd t'h_ltds. 77lt, latter.

howel'er, tdsttall)" have consph'ttolts shadows bJcated

northwest of the ch_uds titemsclves during the

pttoru#lg sltrrcs"s h)" Landsar If tile ck?ltds am' low.

SO/lie COtl]ilsiotl call rt'ltlaill.

=4-62: In t,rineiple, a lake smaller than all

acre Could be. de;coted hv chance it" it lies com-

pletely within a pi.v_'l when imaged dltring an orer-

pass. Tile reflectance in hand 7 is so low that it

woukt contrast sharply with the h_,her relh'ctances

of most surrottnding materials (sand. grasses, etc.).

IloweJ'er, more I,roln_#Iv. the lake will be athwart

several t,ixels (h)ok at l"i_,ure S-I agaiu) and the

ra,lhtp,ces from several features will mix. Under

tlleSC eoutlithlns, spccttal t'olllikiS[ _,'ii]l :leHt:;';dte,"

pixels fitrther away may not be great, but a lake

sereral pixels hl dimension will dotnin,ztc at least

one or two of them and thus be readily detectable.

"#4-63: From visual comparison only, o_re

would select the October 1972 scene. Ahnost all

reservoirs mid lakes appear to have much larger

sl,r.t'ace areas than tile 1975 scene, ltowerer, the

rainfall data ill fi_otnote 3 seemingly contradicts

this observation. One would assume that the heavy

hurricane-related rains wouM have more than filled

some reservoirs or, at least, produced surface areas

comparable to 1972. Of course, some natural phe-

:tontfnon or control by man could have moderated

tile stored volumes, llowever, an altematire expla-

nation suggests a photographic artifacl as an under-

lying cause. Note that the 1972 scene is character-

i-ed by water ererywhere shown in black. In the

19 75 scene, water is silt)" bhte in many places. This

dijferent color pattern couht be deceptive, it is also

possible that the 19 72 inlage might not be perfectly

rcgistered, causblg a broadening of patterns, al-

though other erMence for that is lackhlg and band

7 shows tile same broad patterus. It is in caset such

as this that recourse to digital data processin_-pixel

mensttration-beeomes ahnost maudat,2ry to resolve

discrepancies or ttncertainties.

-_4-64: .lhlrhurg Reservoir - 409_: Dellart

Reserroir - 50%: Unnamed lake - 6_ :5.

#4-65: l;isually, 1975 storage is 50 percent

that of 19 72. Ih)werer, at tile end of October 19 75,

actual rainfall at Harrisburg was about 3.5 l,ercent

greater them 19 72. Because of the late September

hurricane, one would expect many ftdi resetn'oirs.

Tlle dilemma remains unexplahwd.

#,4-66: ,.It first impression, the discernible

water h, vels seem quite sbnilar, llowerer, at a seeotM

glance the river seems delblitely to have more

water ill the June 19 77scene. Added support for

this conclusion comes from estimating the areas of

exposed land ill islands throughout the river.

.Voticeably more of the reflectblg land surface is

evident at islands above the Juniata River and ill

tile Three Mile Island group below ilarrisbu_. This

is plausible, l-arly winter is usually a period of

reduced rainfall ill tile East while spring is cam-
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#4-67:You are looking at the "infamous"

Thrde .llih" Island.

#4-0,_': This is th.e site of tilt" ('onowingo

• II.ldroeh'ctric Dam. over the tol I of whh'h pas._es

U.S. Route I. Upstream tile river bac','_s tip as a

"'lakt','" but _h)wnstrc'am the watcr is tlor:,tallv so

hlw that one can see the roci:s from #lclint'd :tra:a

t'xtt'tlditlg right across tilt' almost dr)' stream chti,I-

nel.

#4-60: Note that tile bhlt' streamer begins riRht

at tilt' ¢onJhtence of tilt" Juniata and Susquehanna

"Rivers. This bhte resldts from rtJh'ctance jhml a

ht'al'.v sill h)ad. apparentl.v ill this illstance b,'htg

carried dowllstream ah)llg tht' right batik (west)o]"

the Sttstlltt'hantla. .Vote that the bodies of watt'r

]h)ttl tilt' two rivers are riot mixitlg. The visibh' silt

phtme dies out just abol't' Three Mih' [shred mainl.v

bt'('attst' rV" tilt' I't'h)t'iO" t'ht'('k t'attst'd b'v tilt'

Yorkhaven Dam. This silt was pn)babl.v derived as

runoff from a rainstorm ill the molmtahts drained

b)' !ht' Jlttliata.

This O'pe of ot_st'rl'atiotl ('all I,_' ustJ'ul in

tracking siltation patterns over a rcghm as ahls ill

determ#ling comph'.v rlmoff history and ill noting

distribution of sill trattsport and deposition, of

intcrest to river an,l harbor t'tl._illt't'rs.

=4-70." Tilt" bluish tone again results Jh,n

rtTh'ction _)l" visibh' light from silt alia clay dnd

othcr t_artit'tthttt's. This rcJh'ctattce from rocklikc

matcrial should occur at all Landsat wavebands

t'._,'t't'llf that OII_.V ill lht' /)alia 4 tllld, tO a h'sst', r

t'Att'ttt, l,and _ it'ill't'lt°ttgths dl)t'$ light pt'l/t'fr, ltt'

w,tt'r to an)' dt,grt't' (that is to m(v. there is some

:rdllSl?lis';h)tl bt'.l'otld thc sllrt_t¢'t" moh'ctth's to

dtT_tlis wilt're silt is t'otlt'ctl4ratt'd).

Most fish prefer ch'ar, still waters. Silt implit's

some fltrbtth'ttt't' and/or moving t'ttrrents...1 t't'rtaitt

amoung ,.)f agitathm is required to stir tip nutrients

I_ltt better fishing is ttsuallv as._ociatt'd with quiet

waters.

=4-71: Tilt' Susquchanna appears milky hi:re

ovt'r its t'tltire visibh" h'ngth. The head of the

(Tlcsapcakt. Bay also is silt-laden. Other rivers arc

silty as well. These Jitcts poillt tO a ht'av.v rainfall

over tilt" entire region, lmol,dtffv occurring st'v('ral

dd.l's t'arJit'r, to at't'oltnt ji_r tilt' IttllJi_rm. ,_.tdt'sprc'a_i

distribution of tile silo" h)ad. Indeed. tilt' fi)otnott'

di._'closes persistt'ttt rains through October 21. only

thirty-si.V hours btgbre the Landsat pa_:s.

• #4-7.2-.lhtrbltrg i_est'rroir shows litth" silt

because (1) no large streams.drain into it. and so

h'ss load is brought to it. and (2) its water is quite

still, allowhtg rapht scttling of any influ.v of silt.

#4-73: Bands o'and 7.

#4-74." Mainly bamt 4: I_amt 5 to a h'sscr

•dcgrt't'.

_4- 75: ,-! _htrk gno'ish-red.

#4-76: Extensive water (absorbent: blackish

ill 0 and 7) mi.vc, l witil thlal marsh and wetlands

r,'getathm (re,hlish). Orcnlli rtJh'ctanct' is reduced.

Tilt' watt'r is Ilot t'asil,(" st'¢;tl from a gmlltlld positiotl

but wotthl bt' obviolts from a hIw fl3'itlg airpldtlt'.

=4- 77: }'our action.

=4-7S_ Bt' wary of ,m Ol,tic, zl illushm. 171e

wt'tlaltd-lago()nctl watcr itttt'rJit('_' of tilt" arca south

of Barnt'gat Ba.v. Ji)r cxamr.h', is ahtlost the same

fi _r the October I q 72 and ..1t,ril 19 7S scettt's. I"aria-

ti, ms ill this t,¢_ttnddr.v /'r_ )tll tidal ,liJ'J'crcnccs. iJ"an.vo

art' tlot rt _olvabh'. Iiowt'l't'r. tilt' wcthtnd area (dark

gra.t') ill the 10_2 s('t'tlt" lcl()ks to b(" mttt'h smalh'r

th,m ill tilt" 107"7 ,_('t°llt". hi the 1077 s('t'tlt" this

wctlatlds area is h'ss dark ill t),ttld 7 but appears

t'(mtittttotts weSley, ira up to a straight bolt/td,tt3" (a/I

old bt'ach ridgt" or strand litw?) not visible in the

I 0 72 st't'llt', gi_'ing tht" iml,rt'ssh)tl of greatt'r total

aft'a.

=4- 70: ..lhmg th,' .liulli:'a River.

=4-S0: Tilt' gni.v h'v:'ls for l,inewoods and

wetlands art' both dark. probably sontt'what darkt'r

filr wetlat,ds, in band 7. In the October color scene.

the cohlr hr_t's altd tht" ,htrknt'ss art' also similar, so

that if location and sttrroultdillgs wt'rt' not t'rident.

the tonal si,l,'llatllgl'S wouhl make stT_arath_n ,liffi-

t'Idt. 1t1 the ..Ipril cohlr set'tie, tilt' pint'woods apl,ear

a dark bn)wnish-black attd tilt' wcthtnds a ,h't'l_

gravish-I)hte, a distinct ,l_Qi'rencc.
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-_4-S1: Your sketch.

_4-$2: ..I wt'ird chntd.' .4 eqntrail? .Somt'.th#lg

bt'ing traih'd ill tilt: watt'r?

7

,-4-,_.,. }'our Olqhion:.

_-4-N4: Off (_lp c .i I,ty

L,;gt_ms south of Oct'an (70'

('hopt_tnk River

.Ihturit'e Rircr CSn'e

('hincotcaglte Bay

.Vanticokt' Rirt'r-l]lneit'r Solmd

=4-$5." Dchtw,trc Bay: .Vanticokc River: otwn

..Itlantic Ocean are tile best displa.v cases, but

current flow patterns art' t'z'idt'tlt within most of

tilt' It'kgtt'T ill tat" $Ct'He.

=4-So: Look at man.v scenes orer the nuinlhs

" and rears, making maps of ]low patti'rtls (liSt"

arrows to show dircction and magllitttde), correlate

with It'a;t'r mt'a$1trt'mt'nts ntade from boats, samph"

silt h_at&

=4-$7: hi order to cnhanct' {bring out b.r

emphasizing I_ght tones) tilt' sediment patterns, the

imtlge was printed "'l(ght. "" with _i hmgcr t'xposltre

and/or a sh(t't hi contrast.

Activity 5

._5-1: The IB.II rcrshm givcs the immcdhite

ilnI_rcssiotl c)]" being "sharIJt'r.'" with mort" t'rhh'tlt

structurc to tilt" city..for two rcasons, l"irst, lincar

]i'aturcs and chtss I)outlth;rit's. parth'ularl.v strcct

boutldarit's, hart' bct'n t'dgc-t'tllhlnt'cd. Secondly.

thcrc is ,1 sttpcrior color bahltlcc, rclatcd to t'onq)lt-

tcr l_roccssing that .viehls Ol_tilnum contrasts in tht'

I_hlck._tn,l-whitc indivitht,zl It,rod prints, but t'rt'tl

tt:,,rc, t, _ c, trct'ttl ctttt_m /,hoto /,rocc>'>'#t.,.'.

=5-2: 17lc band 4 image has t, ccn "'lircncd up"

/_.v atmosl)ht'ric dthl otht'r radiomctrit' corrt'ctiotls.

Fhc l,rint sllt_t'Stl grt'dtt'r rallgt' of lightt'r gra)" h'rt'ls:

this allows inorc bhtc light (with filtcr) to c.vtlosc

tilt' fihn ttt'gdtirc. 17to rcd coh_rx, so t'otlspit'ttoltX in

I"i._ttrt' 5-I.1. httl'c bt't'tt tont'd down. _]lt' overall

rcsltlt is to hltt'nsil_v the I, htt's tlhtt charactcri:t" tilt'

usmd .tillse c,h)r dl_pt'ar_tt,t't" of t, uihting and road

matt'rials. /hm'crcr. tht" I, arrc, ficht_ ill rttral arcas

t,l_t' t)ll _Ill Illllhtgllr_ll bhlc h)nC.

=5-.; .llorc .¢cctiopts. and hmgcr stretches, of

st'l't'rdl Itltljt)r ]li.k'hwtl.vS Ithlitll)' gO the west of

[l',lshiltgtoll d/hi Baltitnorc are tnor_' t'tlsi[y st'i'll #t

tilt' IB.I! rcrshm. 17lis is i_articuhlrlv I?Ttt' wht'rt'

tilt'st' rothlS IMSS l]lrollgh .fort'stt'd ('Olltllrl'. )'oil t'tltl

find trttccs ,LI" some of these ro_tdwavs At thc cquir-

along ,trt'as ,_.t" tilt' t_hot_)-im,lgt'. (t .volt look h_lrd.

I,ttt tht'v drt' ct'rtdiptl.v nlorc t'ollspicltt)ttX ill tilt'

t'_ )ltl/Ylltt'r't'tl/ldHCt'd i'ltld_t'.

=5-4: .Ihtst probably .win th'chh'd tht'rt' was a

sttbstantial, although not dramatic, inlprt)rcnlt'nt in

disl)lay of tilt" Bridgt" in tilt' IBM rcrshtn. ..Ibout

thrcc-quartcrs of tilt" hridgt' .Watt is risihh' #t this

|'crsfim. cOnll),trtkt with ,me-quarter ill lilt" (; E image.

..| conll)Utt'r-_'tlhatlct'd ctlhlrgt'd pritlt of this st't'tlt'.

tmblishcd b)" tht" U.S. (;t'oh)gical Surrt'.v. rt'rt'als

boHI sidc-by-shh" Bay Bridgt's (,1 st'fond span wa.,

utl,lcr constr_tcth )n ill thc cdrll" l 0 "0 _")

=5-5-Tilt" t'ross. OF dt't't'SS, strips bt'twt't'll

i_drdlh'l _tllwd)s: dish gilt" gr_ls_,v drt'ttS bt'twct'n tht'm.

"5-0; _ht" I_arrt'n Jh'hls and ghost' with tttthar-

i'c.vt,'d crops or sttd, hh' art' m()rc rcadily St'pdrdlt'tL

I.Tchl shdpt'x and distriblttion patterns art" mort"

t'asil.r dist'crnibh,. In a.ti'w largcr ]h'hls. a su.ggt'sthm

of ntoisturt' rdriathms is t'rht-'nt.

-5- 7: l'incwo,lds.

=5-S: (Tlcck I'latt" 2 ill "'Missitm to Earth "'for

,ltl in,h'x of m,lj,,r httldmarks ill the ,'t'ntral ptzrt of

II'ashhtgton. I_1 i.'igurt" 5-2 you shouhl I,t' abh' to

spot. but not ncccssaril)" ith'nti]_v :

The ('al,it, d Buihling (B,lnd 5)

The .Ihlll (7)

Kcnncdy (k'ntt'r (5)

.It "/]_ 'rs_,t .i h 'tin :rill (5)

Ri"K St,Miunt (5)

Pcntagotl (7)

,;;h, _ , ;;];_'FS

5_'1



_5-0:The concrete paved ro,.tds (mahd.v

highwa.l's) show lilt well ill lmn,t 5 re'cause of their

high mJh'5"tan_'e. ..Ispha]t roads are more easily seen

.. in baml 7. The ('apihd Beltway (hzterstate 495) is

mostly concrete and can he ch'arly seen cncircling

Washington in baml 5. except Jbr a stretch (asphalt)

in the northwest (Betheata area) seement.

_5-10. To sore,' extent you am' stili seeing the

individual pLx't'ls, althottgh bh_ckincss was reduced

b.t" resampling aml filtering I_rocedttrt's. .Vote. how-

el'er, the offsets in the rttttway at ..In,lrews ..lir

t.'on'e Base (near ct'nter) amt. o.ffscts and streaks lit

the Beltwa)'. This resttlts'J'rom slight dispktct'ntents

cat,sod b.v mmttnifi_rm repcatal, ility of thc start of

cdch st'an Dllrrol r s_t't'cp through SIIt'CeS3"iI't' SC_III

lines...llthough this may he rcdttccd hy gt'ometrical

_'orrccthJtis. cottlph'tc t'limithlthHl is d_lllOSt itttpOS-

stJ_le without i'isttal ittspcction and complicated

shifts, tt'hich wottld requirt" the use hi'an involved

COlHplltt'r l_rograttl.

_5-11: )',,Ih_l_._,reen. 171e re,t ham/ records

the soils as "'l_right'" mid the IR Imml sorer'what

h,ss so. l _'e of the green and red Fro/c_ thin filt,'rs

]br ban,Is 5 amt 7 gives ,m additiv," mix o.t'ycllow.

with a greenL_h excess.

-zS-l_'. . lft,'r ,l,'vcloldm.: cxtwri,'ni'c with

ColHlllttt'r-proccSst'd t'llhlFYt'D1CHtS, .l'Oll ('all pr()b-

ably recognize the t_rcst'nct • of largc indil'i, had

bttil, tings it" they hare strong r_:lh'ctdm'c contrast

with their surroundings, ffht" lar_" gh'attting-whitc

government I, ttil, lhtgs a/ht mottttmt'nts in the fcderal

,zrt'as itt¢'t'! this cotgditiott. IIowcvcr. ,tt this rcsoltt-

,ion, the shaft' attd other dr'tails hv which otte

might hh'ntifv these .qrtt,'tttrcs are still too in-

distinct - tht:v rt'maitt whitc "l,h)bs. "'

=5-13: The It'hitc Ilous," has a fldt. I,htt'k-

tarrt'd roo.t] dS _h)t's the I'¢ntdgott. Thus. both these

whitc-shh'd t_tdhtings aPl_car dS dark patterns. Fhe

J,'.tfcrs, m lh'morhd is _hmtt',_ [_lt' Lt't' .Ih;ttshm has

a sloping, rather dark roo/and dot's not correspon,t

to the white .l_t. _']lt" dot is the .Ih'm_rial .ti_r the

l "nkltowtt Sohlit'r. (l'oolcd yott: But this .t_)_dt',l mr'

tmtil I cht't'kcd it ill dn at'rhd ph_Jto. )

--5-14 Fht" .ll_nttmcnt appt'ars as a ,lark.

,'tonga,t" pattt'rtt s[atttit;_ h_ tht" tt[_pcr [t'f? (\ WI. it,

just the directkm expected at 9:30 a.m.

#,_-15: ..Is yo.u will learu later, a general.

.. reasona.hly accurate map of the ma/or first-order.

' or Level i. urban classes .shay be. prothwed from

Landsat thtta by computer cladsificatiott techniques

or el'en by photo#tterpretation of the enhanced

itm_eo'. Using ohler maps amt other supporting

data also. J. Wray and others of the Geography

Divishm. U.S. Gtoh_gical Suta'ey. have produced

/ttst sttt'h a map J'rom Landsat.

#5-16: You probably selected the Fourier

Transform "mage as the best enhancement, with

the snolt,-covered sttbscene a likely second..Vone

of the versions is noticeably better than the others.

although all are hnprovements ovt'r the ttnenhaneed

ftdl scettes (qttest:';)t! _--4-47). Some o]" the linear

.t'eatttres are obvio_tsly roads; these show ttp (_est

in the winter scene i_ecause of high contrast between

snow aml road surfaces. Other linear features may

he narrow stream courses: those that are hmg attd

stra_'ht art' truest likely ]'atilt- or/ohtt-controlh,d

(personal contmttnh'ath)n. Dr. hta tloosL Tit,.

northeast-trending strttctttral grab, ts erkh'nt ht all

l'ershms sittce it is highlightt'd in part by vegetation:

the whtter scene sttggests some topographical

expressfim (reHtJ" cattsed by dif.t'erenees in rock

cnhlabilit.v) cmpilasizcd more by "shadowing than

StIOW eol'er. Tile ('ttbh" Gmvohttion hnages display

h,ss dr'tail than the P'ourier Transform and SllOW

cover it,rages. Certain _h'tails s&md ottt better in

the Cubh" ('onvohttion image, more as a result of

regetathm cotltrast than hi" compttter-hl_htced

sharpening.

#5-17: ..I count of finear features is a subjec-

tivc proccss. The attthor identified 10 apparently

natural features tremting gem'rall.v NIt #t a IO-

minute cxaminatiotl oJ" the corresponding sttbset

area within the .f'ttll October 1 O 75 enhanc_'d s('t'ttt'.

In at,other lO-mimtte period, he coutlted 30

ttorlhwt'st-trettding j'eatttres (man)" short: some

dubious) in the Fourier Transform subscene, ttow-

ever. some of these additional features owe their

dett'eliOtt to ettlargemt'llt rathcr than t'tthanct.mettL

..I i't,rv ,lark fcatur¢ within the darker gray

pattern south o]" the .llarhurg Rcserroir as seen #t

band 7 ettterges with higher contrast in lilt' Jtme

/q'S battd 5 hnagt'. .ltt atldogous pattern chatl_t"
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,hws m.t occur in the hills north ._]'llanover when

I,dnds 5 attd 7 art" compared..-1 ]Trst rc'actiott is to

s:tspect a burtt sour .th_tt.t a Ji_rt, st fire. except that

such an effect shotthl also shr?w ttf_ as a strottg

ccmtrask ill batld 7 .Vote tlhzt this SlWC'(¢_c pattern

becomes gen'eral in :he band 7 sti_fc-covbrg;d

sttbso_'tte. ..I mor_" Hkel.v t'.vlJlattatiot; is to l_rt'sttmt ,

this dark pattertt to l_t' a stand O.l'Ol'ortlr_'t'll$.

=5-1S: Generally. the two versions sholthl t_¢"

ill ._ood _l.tlreetHellI. Tht' COlllpIllt'r I't'rsh_tl. ]lOW_'l'i'r.

is better mdted to hotm_htrv d,'finithm I_ecaltsc of

the strong contrast bt'tweet: hlack tltJi_lhith,I pat-

terns attd the rc_l of healthy vegt'tath,t. Watch

out. thottgh. ]_)r cott.fitshm ill st71aratitlg tho dofi_lia-

tiott (a ,hill I_htish gra)'-I, lack) from attthracitc

waste (either hhdsh or a _htrkcr bhte-hl, zck).

•=fi-lq: ..Is .vottr intltithm tclls yott. tht'

boundaries outlined on the lat?,'c-.¢cah' _tcrial photo

art" mort" t'xact atld precise, t/¢_Wt,l't,r..tilt' otttlillt's

drawtt otl the Latldsaf iml.tlt' shouhl lw broadly

similar, and the ,'rcas t'ncl,)st'd by each otttlittt'. _t"

you c'ottld t'otll't'llit'tltl)" t'a[;'Itlatt" t/lt'tlt l,v I'isttal

tct'httiqttt's, should I_t" oh_st'. Oplof tht' dtJi_lhttt'N

arca (i.q $qttart' Dlt'tt'rs) ]his bt't'H al'cltFatt'lv cl,:ssi-

fit'd t_.v "tht' comptttt'r. Htc ,/red ma)' t_c t'ah'ulatt'd

t_.v simpIv counting pi.vels in that class and mttlti-

pi.vmg bv 7_" or o241 (mt'tt'r.gL .\ott' t/lag itl this

o_t' tht" .few small ch_ttds ,thing the ridge in the

Lair,Is,it imagt' w_tthl l,rol't'nt tht' ctttirt' th_tiHi, ltcd

art'.l !tom being incht,tcd in the _otttlt.

=5-20 ('oh)rtttl as the thr,'t" I'1 images ,arc. no

0t1¢" O.t" tilt'tit dot's _l I_t'ltt'r fl)l_ O tl_icking out rigid

isolating the dt'tiHhHtd zones tSan tht" o.Ult'rs. You

rod.t" drgldt', convincingly, that the l O 7- .lilIst' coh)r

rcndithm ill Figttrt' 5-7 is sttpcrior to tilt' sl_ccializt'd

17 images.

=5-21. ('onlitsion ,lbottnds: The coh)rs asso-

ciatt'd with the th'fi_liation arc widt'spre_'.t throltgh-

Oltl tilt" stthsct'ttt', rocltrring particlthtrl.v in tilt'

valhws. Only whet! .volt. tilt" it:tt'rprt'tt'r, add tilt"

knowh'dg'¢" that tilt'St' c'oh_rs ot'ottr or tho ht'al'i[l"

J_)rt'stt',l rhtgt's, which art' otllt'ravist" ttlarkt'd I_1'

distitlctivt' ht'althv vcgt'tatiotl t-ohgrs, w_tthl )ott

deduct" some at_Hort?Idlitv. F]It'rt" st't'trl_ tO l_t" tit}

tilth!tit' ,tt:ti)lidth)t; Si_,'thlillrt' in ,my of tht'st' 17

Iltld_.'¢'S. .-| fdl3t' ('_ _h _r rali¢ ) _'_)trlI,¢ _sitc. t'¢_nsisting , ).t

three sets of ratios instead of one. may result in

mort' di_¢nostic ratio patterns and colors for some

classes (l_articularl.v for rock materials where vt'ge-

taih)tt is sparst').

"_ • _ These patterns can l_t" misleading. They

ot't'ttr cm tilt' sotttht'ast shh" of t'ach rhtge and cor-

respond to h_t'ht'r I'ahlt's (st't' Coh_r soah" at top ell

t'at'h imago) of oath I"1 !_,tratnott'r. Tht' most platt-

sil_h" intt'rprt'tath)n is that they are brightt'r surt_ct's

ht'cattse of aspect (Jilt'htg position n'latirc to the

Sun). itt this case soltt,'toast-ittclin#lg shapes (with

sorer" I_ar_" rook?) oriented noo_,_al to the direction

of tht, mortlilt.,_ Sttlt.'s ra):s.

=5-..'.¢: Both classes Itave similar h_w rath_

vahtcs (l_ttrph,s t.orrt,st_otld to h)w D.V_ which, it!

turn. are assb'ncd to ratios of h'ss than 0.25). This

:na.v result from h_wcr rt'.th'ctanccs bl band 7 than

in 5. Tht' rcJh'ctanccs liar _Oatcr are quite h_w #t

hatld 7 attd modt'r_ttt'll" h_w ill 5. so that rath_s of

0. I - 0.2 art' chantt'tcristic. F_r urban chtsst's, the

I_an,t 7 reyh'c'tances art' rarhtl_l.v h)w ¢,h'l_cndittg o;_

amotmts _Lt vcgetathm itttt'rmLvt'd with streets attd

,'_ttihtings). and m_tal_l:" highcr in 5. so that nttios

ag¢lin dro h_w. I_ttt llMlaHy Itot as h)_t' ,1s J;)r watt'r.

=5-24: _]lt" re.tTcctanct's or I_rightncss v, lt,'S

o.t" com'm'tc (lieht toned ro,zds" itt t,aml 5) t/?'C hi,,'h

in 5 and h_w in Z 171t'rcfi_rt'. a 7/5 rath_ will ap-

proach zcro. ht t:igttrc 5-11. the concrctt" roads

show ltl_. whorl" still do.ft'r,.'d. .is I_htt'. bltt thl tlot

c'oh_r-t'ontrast with tilt" hhtt" tortes that _hmlinatt"

thc h_whmdx thr_ttgh which the r, m, ts pass.

=5-..'5 Bm_adly. tile dark ._rt't'H$ t'orrchttt"

with tht" sotttht'ast ,tttd tht" light grct'ns with th¢'

tlorthwt'st sh_pt'5 ahmg tilt" rhlgt's.

=5-20: On tht' ridgt's the Imr!,h's and reds arc

associated with tht' dt:ti_liatt'd art'as, wht'rt" tho

in.tTttt'tlct' o.t" rock and soil rcJh'ctanccs at'c'ottnt .fi_r

tilt' _hagnostic coh_r _'ffec't. In the h_wlattds thcst"

ooh_rs tt'tld to t'orrc'httt" with opt'n arid harrt'tl Jtt'ht$.

=5-2 7: ..Ill of tilt' 17 coml,lnations shart' onc

thitlg hl t'ommon -. tilt" importatlof of t_dnds 7 (or 15)

,lnd 5 it! thc ttttmt'rit'al Odh'ttl, tti¢ _ns. .-Is wt' haft" st t'tl.

hdnd " is quitc scnsitiv.' to the prcst'n_'t' and varhl-

tions ,_! rcgt'tathm, atld I_and 5 is parth'tthtr!v ¢,.,,-

sitivc to rocks ,tttd mqls. ..llm_st ,ttlv tlltt_lt'rical
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function that depends on the inverse relation be-

tween bands "7 and 5 (as vegetation radiances in-

crease ill band 7, the band 5 vahtes for correspond-

ing pirels will decrease) optimizes the ability to

measure small brit significam variation9 in such

vegetation characteristics as species or tkTJes, pro-

portion's of different types, density (percentage

grottnd or canopy cover), biomass and vigor. For

example, where green-leaf vegetation increases

beyond about one-third of the surface area, the

ratio of 7 to 5 exceeds 1 and becomes hrcreasingly

higher; but, with increasing dominance o/rock/soil,

ti,al ratio becomes progressively lower as the bright-

tress of the inorganio" fraction gradually overcomes

the effect of the orgaltic fraction.

Loss of chlcrophyll and ce/.hdose-rich leaves,

exposing more of the non-vegetated part o]" the

ground, causes an abrTrpt reversal hz the relative

contributions of t'egetation and soil to band 7 and

.5. Thus. de]bliation among other healthy thick

/brcst stands produces extreme differences in radi-

arrces within the 7 and 5 wavebands. The effects

are so large that any of the I;l combinations will

)'ieM sharply different vahtes for vegetated and

nonvegetated VI's. Inspection of each of the six

combinations hr Fieures 5-12 and 5-13 #rdicates

ahnost identical patterv¢ (Linear VI being slightly

different from the others). The nonforest mask

eliminates most o1" the terrain hostin,e little or no

vegetation, but some color patterns in the lowlands

are most probably associated with fields containing

emergent crops or stubble, or with small sparse

woods.

=5-2S: The band 5 difference image shows

the normal fi_rest corer on the ,qdges as dark but

the same cover appears bright hz bands 6 and 7

difference images. Approximatel)" eqz:._l amounts

of light .thmr the 6 and 7 images, wh:,,: projected

through green and red filters, will combhte as

.¢ellott..

=.5-29: Defoliation patterns are br6_ht h7 band

5 (D.V 1977 > D.V 1976. aitd +)and dark in bands

6 and 7 (D.V 1977 < D.V 1976. and -) dit'l_'rc'nce

imaees. If band 5 is pro/ected through a bhte filter.

this pattern will receive only a bhte l_k,ht c,mtribu-

lion.

=5-30. Those fiehls whose surfaces consisted

o1" soil and small amotorts o] vegetation in June

1977 but had a thicker cover of crops or o:her

vegetation later in tire season, in July 1976, will

behave much like the defoliated areas that prevailecl

in 1977.

#5-31." The )_rst two components resemble

#tdividual Landsat bands. The first component is

much like band 7; tire second like band 5. However,

some of the fields are bright in both comFonents

but wouM be bright or dark in tire two bands. The

third component contains very little of the inde-

pendent (noncorrelated) information (see part 6 of

Table 5-3), but its hnage is still recognizable. Noise,

inchtding scan line strip#tg, beghzs to appear ei4cten-

sively hr this rendition. Water slows as bright tones

with no internal variation (as is revealed in the sec-

ond component). The defoliated areas are rendered

dark #7 all the first three components. The fourth

component is even noisier, but the ridges and parts

of the river may :till be discerned.

#5-32:

108.267

295. 743
X 100 = 36.6,%;

1.$63

395. 743
X 100 = 0.6%

.d& .
_,_-33:

O. 787 × (108.267) '_ 8.19
R,, - = _ = 0.971,

" " (70.919) '2 8.42

-0.279 X (0.857) '_ 0.259

Rz_ - (56.116) _ 7.49 -- -0.035.

Channels 3 and 4 contribute most to Principal

Component 1, I and 2 to PC Z

#5-34. The PCA color composite shows the

lbrests as purplish red, owhrg to verk' light tones

for the ;irst component (red flter) and moderate

tones for the third (bhte filter). Water is bhte be-

cause of its light tones #z the third componetd.

Some fieMs are yellow owhtg to comparable light

top:es in the first and second components. The de-

foliated area is blackish. Tire VI ratio #nage better

separates strong(v defoliated (red and black)from

moderately delbliated (purple) from healthy (two
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shades of green) ridge vegetation, b;:t the mask has

removed most of the lowlands information. The

PCA composite retaitis and accentuates that itrfor-
4 .

mation, ltt the'lowlands, blue tends to be assoctated

with much of.the built-u'p urban areas, yellow with

bright surfaces (lcrge buildings, concrete roads,

ph)wed fiehl_), and red with tbrests or extensive

crop cover.

_._-_: 7.50 km N-S X Z84 km E-W equals

58 kin-" (__.6 square miles), approx-

imately.

dd." _ ,
,_-_6. Your ,.'ction.

.4.- •_-J 7: Your ateJolt. The /tonwatt'r patterns

are" islands.

#5-3S." The limit exceeds 32 percent.

_.._-._ 9. Your action.

_5-40: Railroad yards. On the east side of

the Susquehanna, some tl's correlate with similar

train yards bttt other ll's are assochtted with the

high density of buihlings in the central section of

llarrisburg (see Figure 7-14). B)' themselves, there-

fi_re, the lt's do m,t define a shlgle class.

=5-4 I." Bright reflective sediment h_ad.

=.5-42:

1_77: (i)+.. (

{2) * =

{3) _"= 4-.

=5-43." Overall. there are not mato" parts of

either :he 1973 or 1977 scenes that contain ten or

more homogettcotts symbois. The grca-test homo-

geneity occurs in the river water attd in the inter-

state roadwa.v. Inhomogeneity is to be ex'pectcd in

this scene because of the wide diversity of land

cover in a metropolitan area (many urban classes)

th,lt intermingles with agricultural lan.,ts, lat_d

_,nder develotmzent, attd forested shapes...lisa, keep

in mind that homogeneity itt an .V.II.IP does not

imply comparablc homogeneiO" ht Hte data.

=5-44. l q 7.'. __-.,_"_ a, pcrcc:tt: l o --.... l ,,.._,t i;er-

Ct'tl t.

#5-45: NM..I.P

#5-46." Your action."

#5-47: Your guess. Yot'_ are likely to t[ave felt

confident about several classes, such as water (O's

attd 1 'St, silt)" water (blanks, possibly E'S), forest

(3's. 5"st, attd co,tcrete highways (blanks it: linear

patterns). But many patterns are ambiguous, ahnost

a hodgepodge in distribution. The rail yards along

the west bank of the Susquehanna do not stand

out as obvious but may correspond to the long, thin

grouping of 1 "s. The blcnk lhtcu," area northwest of

the interstate highway is of uncertain identity but

may well be a reflective ledge of sandstone alor, g

the Bhte Mountain crest. Check these tentative

identities against Figt:res 5-24 attd 5-33.

-___-4_ and ._-4 9: Your action.

=.5-50: Your action.

#5-51. The CLAS map is clearly superior.

-_5-52: Categories 3 through 9 are dominated

by vegetation, htspection of Figures 5-24 and 5-33

sttggest that ]brests are certainly present in this part

of the scene, not only ahmg the rid.ee but i't the

lowlands. Sonle of the patterns appear to corre-

spop:d to fiehts. Categories 11, 14, and 16 are less

well ,'orrelated with vegetation, but #i some areas

eottld be ch_sters of trees or grass in residential areas

or city ?arkland. Categorization may be simplified

b l, htmpittg sererai of these classes together, sho_t_

ing them in single colors, and then b), checking

apparentl.v misclassified patterns aga#lst good

sources of ground truth (e.g.. large-scale aerial

photos).

-_5-53: The blank st'tubal categoo" 17 matches

the intet atat e attd attother concrete highway, several

large barrett fields, attd. seembtgly, part of the water

within the Susquehanna (on either side of the

pattent of S'sL

=5-54 and 5-55: Some of the blank areas

co#wide with areas that have reflectances greater

than 31 percent, ltad that singh, reqectance class

b,',', 9t_htlivi, b,d into t_¢,_ or more discrete" clasce¢

attd these then correlated with established grottnd
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tntth, the areas couM have been given specific

category names. If some of the blank area indeed

ties #t with silt)" water-a transient phenontenon-it

mac be difficult to establish a definite attd mean-

ingful class.

#5-56: Your action.

#5-5 7: Considering that Landsat was sortie 50

times higher than the aircraft when the two scenes

were acquired, the ability of Landsat to recogni'e

the principal land cover categories is remarkable. It

is competitive when Level I features are sought.

The forested ridges and hills are readily identified.

Note, however, that thc ]brests are dark blue instead

of red in the color IR photo because the domittantly

deciduous trees are leafless Ot this winter scene.

Most tna;or roads are vislOle in Landsat. especially

if concrete, although a section of htterstate 81 re-

mains uncompleted. Many of the largercrop fields

are recognized as such, particularly if" the)' bound

fields with a different cultivation stage. The urban

areas, including railroads, are easily detected. Sev-

eral large hldustrial and factory sites are separated

from their surroundings. Drainage pattetvlS and

land�water #1terraces are clearly evident.

#5-58: Comnlercial; Residential; Transporta-

tion: Cropland and Pasture: Deeidttous Forest Land:

Gravel Pits.

#5-59: Your action.

#5-60: The foreshortening is vertical. The

best clue to this deduction is the orientation of the

SusquehaJtna River. It looks squashed towards the

horizontal. Compare its orientation in Figure

5-2 7.4 with that in Figure 4-11 and imagine the ro-

tation it wouhl experience if the IDIMS images

were stretched in a north-south direction,

#5-61." Make a photographic hard cop3' and

_tretch by varying the density-exposure relation

fuse high contrast paper or modi]iv developing con-

ditions), ttowever. ,hOSt such changes may be made

interactively on the computer, by. ]br example.

simply trimming more end value pixels in the DN

range.

-5-62: The darker tones would remain fixed.

i.e.. would not get eve:1 darker. Contrast wottld lit-

crease, but the tonal expansion WOldd move

toward an overall lightening of all gray level_. Thus,

a lighter, more contrasted in_ge resulis.
2

#5:63 _. The main changes occur ht the low-

lands. The tones associated with urban classes be-

come lighter gray. Barrett fieMs become brighter

(notably lighter gray) attd stand in sharp contrast

to vegetated areas (forest copses; crops). The bands

of silty water bl the Susquehanna _,e accentuated.

Bototdaries belween classes are nlore easih, picked

OlLt.

_5-64: Bhte: clouds (the shadows seem to dis-

appear).

Red: vegetation, tt_inly forests but

apparently also crop fields and

resMential areas with trees.

Green: barren fieMs and defoliated

forest.

(Note: blackish-green tones are also

associated with deJbliation and some

residential areas.)

Conchtsion: DensiO'-:dichlg affords some gfne,al

categorization but creates cotIJitsion by assigning a

color slice to often quite disparate classes.

#5-65: Three classes-silo' water; clear water:

]brested land-are htmped together.

=5-66: Generally, tile classification seems to

have correctl.v hlentified most of the Level 1 fea-

ttLres, but some discrepancies at various places are

evhtent. The forests hare been properly classilled

wherever t:x'tensil'e and cotltimlous areas are in-

volved, but sortie small green patterns may be other

features. Wa:er was well-defined ercept for the

meanderhlg creek west of ltarrisburg (see middle

of p. 211). The railroad yards around Harrisburg

are' nlislabeled indttstriaUcommercial--a separate

class could have been established. Red and yellow

thentes ]'blind Oll several islands in the Susque-

hanna are misleading, these islands consist of trees.

bare rocks ana cleared areas. Suburban houshlg

developments in several places hare been missed.

being classed instead as open land. A H1#1 red line
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near tire middh" left edge of the classification map

does not. on close inspection of the photo, seem to

qualit_v as a residential urban strip. The barren

lands are mostly co,'rectly classified, bur the crop

arm Fasturelands are too generalized. Certain fieMs

with extensive crop cot'er are shown i'#lier as crop-

land (not distin_dshed as a later stage of growth)

or as unclassified (black). Open sandpits amt sev-

eral resMential areas are also marked by black.

_'5-6 7." The interstate, arrd shnihzr concrete

roads, have a spectral signature quite different

from ahnost any other feature irt the scene. No

trairling pixels for this class were selected--although

this couM be done-because the roads are less than

a pixel wMth and are comb#ted with a variety of

other features. |tTten the compttter classification

algorithm was applied, no spectral chtster ]'or roads

had beert cntcred and so road pixels were assigned

to ttnciassified. ."

-_5-68: 1077:

Silt #7 the River;

Delbliation in the forest:

Different propor;iorl of indttstriaU

commercial to resMential:

Much more laml classed ,as Medium

Density Urban;

.Ihtch h'ss harren/thllow land:

DiflOrent proportiort and distribution

of agrictdtttral land.

Factors:

DLtferent y,'ar (1to de/idiation it!

19-2):

Silt due to an earlier rainstorm:

Different part of the growing season:

Different criteria for defining me-

dium density urban.

=5-6 9: l. Select subset(s) Or Landsa; sc_q_'(s).

2. ..Issemble cmcillao' data (photos,

maps, etc.).

3. (Ttoose training site samples.

4. (5_rrelate with ground truth.

5. Check for homogeneity.

6. Select classifier.

-, Perform class(t_cation. _ "

S. Establish accuracy level.

_). l-vahtate elax_ith'ati_n a_'t'ttrdt')"

10. Reran steps 4 (if necessao'), 5, 7,

arld 8 until accuracy is reached.

I1. Generate output (hard copy).

#5-70:" The LORES scene, dEnsits.'-sliced into

sly" intervals, occupies about 35% of the five inter-

val-sliced IDLIIS scene. The density limits of the

two sets of httervals are not the same, but the se-

q,tence of changing densities is shnilar. The densi-

ties corresponding to the river (two shades of bhte

in IDLIIS: black in APPLEPIPS) define this water

course in both renditions. The light green and dark

green of the IDLIIS version correspond reasonably

well to the lavender arid dark bhte of the APPLE-

PIPS version. ?71e red of IDIllS generally matches

the distribution of some of the gray-bhte #zterva!

of APPLEPIPS, but the latter is more continuous

arid uniform whereas the former ma.v subdivide in-

to light arld dark green phts red. The brown and

black (a_i'a)" from water) inten.als of APPLEPIPS

have rio obriotts counterparts hr the IDI?IS scene

but are themseh'es a minorfty of patterns. The

Conodoquinet Creek arid railroad patterns are

erh'ent in the IDhllS density-sliced scene but riot

hi APPLEPIPS.

The IIlRES scene is best located by first

]biding it in the LORES scene and then consulting

a map or aerial photo (Figures 5-19 and 7-14).

Key geographical features are .lfcCorr, nicl'. IJamt

and the lntcrstate bridge. The scene lies along the

northern eml of llarrisbt:rg. One characteristic of

the HIRES image may strike you upon cornpari-

sort. The flnage is "squashed" along the verhcal.

i.e.. is fi)reshortcned or compressed hi aspect.

For example, tl, e island appears "'tlatter" ar_.d

"snorter. "" The pixels have trot been reformatted

(expanded) ht this routflte, so that geometrical

rectification is lacking.

The tlIRES scene fits in the .\:IIAP print ap-

proximateO" between the NMAP fine numbers

1144 to 1184 and sample mtmberr 1010 :o 1050.

The N.1L.IP and,,.l PPL EPIP scenes art'/'or the same

date so that there is some general corresponder,ce

in the pattern of rar)'irtg norms arid densities. You

can conrince )'ourseU" of this by out6n#Ig the

.Vll,.IP norm rahtes irl Figure 5-20B and then corn-

paring that pattern with the color square patterns

irt Figure 5-34B.

htterpretation of the ..t PPL EPIPS scene is dif-

JT.c,dt. 77:e t,v_, ae,qal phc, tos (F(_'_,res 5-23 arrd
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7-14) are the best guide, but neiF er is eqttivalent

to a band 7 rendition. Tlte dark green seen!s to fol-

law the railroad .yards. The beige and olive patterns

&roadly correlate with residential areas (olive re,

fating to preighborhoods with more trees). Browns

ht several places are related to open areas. Light

bhce-gray o,r the island and near the upper right

corner can be tied to wooded areas. However,

many patterns are confusing; the considerable vari-

ation i:r density across tire brterstate bridge is sur-

prishrg (anomalousN. Overall, this s#nple density

slice is of limited utility in classification. Work is

now in progress it: adapting APPLEPIPS to a multi-

band classification routine.

#5-71: You probably decMed that the I-lO0

classification map was much easier to "read" than

the ithoto-enlargement, mainly because the themes

or classes are displayed in distinctl.v different col-

ors. which cause sharp separation. Thtts, bhte and

yellow provide a far better visual separation for the

mine refitse and deJbliation classes that; the two

sha:tes of dark bhte ttsed hr the EROS product.

=5-72: Tire maroon pixels or conflict class.

..llso, some of the smal!er patches of defoliation

(bhte) moy be mine waste or o:'cn fieMs.

_5--3: The largest clustt'r o] cottllict pixels

correlates with tire town of llazleton (near upper

left corner). Some of the other maroon pi.x'els

m(t'ltt be tillages or groups of buildittgs, ltowever.

most maroon pLx'els art" scattered and isolated, and

most probably represent rariatrts of the. ground lea-

titres sttrrototdiptg them: ipt other words, the.r hare

spectral properties similar to, but outside, the clus-

ter boundaries jot the surroundhrg class.

=5-74: The 1-100 classification did not set up

two elasst's oj water, nor was a special category of

swamp vegetathm established. Several lakes in

1-I00 are hh'ntified as refuse�silt "in tire ORSER

classificatbm: conver_el.v, ORSER recogni'-es at

least one small bod.v hi" ch'ar water trot in the

1-100 map. Tire 1-100 map shows considerably

more coal wastc-note more yellow patterns on the

right and bottom of the ORSER eqrtirah'nt areq.

=5--5." This is. #r ct'fect, a mask hr which

other categories (mostly vegetation) are eliminated

by th,esholding. This allows co;lcentration on ;he

classes of interest br this subscene, namely coal

• "refuse, water, and swamp vegetation.

!

#5-76: All thase coal-related categories ha,,e

hl commo,r the presence of coal and dark shale

refuse. On site #z the fieM the several types of

refuse may be di,_tingulshed _y use, shape, associ-

ated re-;'egetation attd other criteria, but the

spectral characteristics of each are much too shni-

IJr to the others to differentiate them with accep-

table reliability.
y.

#5-77: Reclaoned land will show varying de-

grees of newly established vegetation usually mLred

with soil. This class should appear as a pinkish

gray-bhto hr the valleys containinz tire refuse.

#5-78: A few of the small lavender patterns

correlate with farm villages or grouped builJhtgs

(crop storage or industrial), but most are false

alarms associated with roads or with fields con-

tainhrt" vegetation in the carl)" stages of growth.

#5-?_" Part of this is illusoo,. Upon riggrous

analysis there are fewer rec:_ngular fields th_,n as-

sun:ed from first inspection. Some fieMs are tri-

attgular a,'d others have straight seg_nented bound-

aries Out with irregular polygonal shapes. This

results from tire way in which the original land was

dereloped, btstead of est,zblishhtg farms along sec-

tion litres, as is common it., the G'eat Plains, large

areas were cleared o f forest and subdivided within

plantations (itt the 17th attd 18th centuries) as

convenient rather than from some master plan. As

estates dimD'ished in size and ownership was dive'-

sifted, unusual field shapes emerged.

hr the cla&4fication n,ap, many actual straight

boundaries become "ragged" because of m_xed

pixd effects at the ]ttncttere of two crop or field

types. One pixel may be classed as A and a second

neighboring one as B because bGth straddle two

crop O'pes but contait, different proportions of A

and B.

#5-80: ht the listing below, G refers to mea-

surement_ :trade on tire ground attd RS to aircraft

and�or soacecraft remote ce,._i_tg obcer,.'ati_ns.
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I'arial, h's im'ludc."

OF POOR QUAL;TY.

S, il types ((;. R'S)

S_il moistttre ((;. RS)

St'd._ollal rainfidl ((;)

7"emrentturc history ( G)

.Vund_t'r o.['stotxltitt(' iI, t vs ((7)

Liwation (_.I"nuth_r l_rodtt('ittg

arE'as ((;. RS)

..Ircm,t,e ./h'hl si:e (_;, RS)

Reghm,d cnq_ types ( G. RS)

t'rol_rthms of crol,S in training

areas ((;. RS)
('ro/_ ('ah'n(htr data (idantin,¢ times

an(I growth stages) ((;)

( "top rigor.If'top dis('aSt'S ((;. RS)

I'roductiritv (actual yiehls) (G. RS)

Sp('('tral s_q,atttres as ]'ttn('thm

of time (RS)

l'arhms Jhsw diagmnts are possihh'. One simi;h'

li/Icar t'xanl/;h" is:

SAMPLE

SITES

CROP CALENDAR

] 1.....

ESEAIILISH CI_OP _ A(_.QU|_g MIIL T|TEMPOHAI

GROWTH STAGE SPECTRAL SIGNA/URES FOq

SPECTRAL MODEL I RAINING/TEST SITES

()E VE L t)P DA I A FD R lie GIONS

---- -- CLASSI$11 II|SI (IF INIEIIESI CLASSIFY AND

DE l E IIMINE AIIE AS _

t)! CIIOP TYPE IS|

ANC!LLAllY DATA At;GlltOATE AREA
[ME TEOllt)t t)GIC:AI APPLY ANO YIELD FSTIMATES

• YIELD FOIl PIIODUC T |(_N
-- _ _;llOllN[} CDNt)I TIt)NS, MODIt L$ ESTIMAIES

PI¢C)DIJC l IONS SAMPLE S,

.',_I1I(IHf(?AS IS|

H TEST FDR ]

ACCURACY

=5_s'l: B.v h,_king m_w at the (',_(Ic'd Ch_SS('S.

_'t)tt s/It)lib/ imIJrt)|'t' )'l)ttr lh'tt'cth)tt arid St'/klrdlio/I

_l.l" opt'it Wdtt'r. |l't'tlathls. ,tgrictdtttre, d/IN I)t'dc/t[

sandl|it chzss(w. )'isle cart probal_l|" aLw_ better rccog-

ttizt' thE' t'vcrgrectt stdllds I_ttt Cdtlttot risthzll.l' diffcr-

t'/ltidh' /_t'twt'Clt t't'd_;r died pitch pittt" or separatE"

thcs," p',,m mi.vcd Ji_rt'st. as is ,/,)t/t' c'ffe('tire/v /,y

the cl,ml,Utt'r. 77It' Cl_ml|lltc'r chtssQ_c,ztbm als,)

;,iLl,:; out ,h'|'t'hq,cd ,t/tEl ttrl,,tn l,ut,I. whh'h prof,'s

d_(;_,c,lt ill the I|hoti*-im,lgt's.

=5-$2: . I n._'u'_'r('d i,; 5-,X 1.

.=5-S." (a) Iligh I)cusitv (W,,m/hMtistrial.

(I,) .llixcd Imhtstrial. Iligh-.lh'dittm

l)cnsitv ('rhau: ¢)l_t't! Land.

(c ) I.'_m'st/Grass/l'ark/ll'ater.

(,l) Itt,htstriai/ Opc/t.

( c ) Ilieh I)cnsit.v ( "rl_mt.

(J7 .Ih_stl.v In,lustrial[Commc'rchd.

(g) li_eh Dcnsit.v ('rban.

(It) Mostl.t" Illdltstrial/N(mle ()pen.

#5-$4: Tht' o rE'roll c!as._(fi('ation appears quite

I_t,litwahh.. hNt there art' some discrt,i_an¢ies. The

gettcra/ ilislrJbuth)n (}]" ma.vimtml i/zthlstrializatk)tt

itt tilt' ct'tztral cit.l', pn_grt'ssing to high, mt'diltm.

a/td low de/tsity ttrhan zones arranged in hroadi.l"

('otweHtric patterns outward° ._) typical o]'a hzrgt'

mctroplditan rcgiou, is t'ri(Ictli fi)r Philadt'lphia.

Oil the basis oft�If attthor_ IWrsonai knowh'dge of

thi._ cit.v, thE' art'a assigncd to industrial (red) .wt'm$

h|tt" hut is propt'rl.v hwat(',l .tier the re.st part. The

sereral medium dt'nsity urhan (pttrph,) i_ltcht's ill

thE' t't'lllr(d city may hi' dllOllid_OII$ hill, dl least

Ii('tlr lilt' rirer. /lid)" rcprt'st'lll .w)lnL" redcrehvled

tlrctls. SOD/C ')[)('H /d/hi arc'it (gray) /tiLl.l" bE" mis-

chtssifi('d. The h'rel _)1" ,wcuracr i|l" this class(thu-
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thin is probably too hlw to bc compctiti,'e with

high altitudt' IdlOt,,graph.I ' (t" tilt' ,h'sire,! im),tuct

is a detaih'd hum list" or.urban unit nutp.

#5-N5." Tilt' signaturc dt'rchlpcd fi)r rail .yards

is sunply not uuiquc fi)r Landsat ,hzta. Rail yar,.ts

are oharactcrizcd hy nllliug stock (hlcomotircs and

ruil cars) that rcst'mbh" Imil, lhlgs, n)ad l, ctls (tit's

,tnd ('indt'rs). dirt and ._oil. and s('attt'rcd strut'ttlrt's

(rot,,hi holtSt'S, switching tolct'rs, t'tt'.), lit high

rcsohlthm a,.'rhtl photos, thcst" fcaturt's art" distinc-

tire. t'spcchtl[r where tracks and r(tlhts_l.f-wa.r art'

risihh'. .It Landsat n'._lhtthm, this asscmh_lgt' rt'-

st'ml_h's other t'olh'ctbnls of bltihl#lgs, making lip

other categories, all showing simihsr Sl_t'ctral S_k'lla-

turcs. The misclass(/h'athm nl_ht />¢' r,'duc('d b.l'

hh'ntO'ving the nonmilroad white-shaded fcatltrcs.

dctt'rmining wht'tht'r tht'r hare S_t'thttUrcs scpar-

abh, from tht' rail .yards. and setting them tip as

IIt'W classt'$.

#5-SO': Tht' adrantage of Landsat-typc obser-

I'athms lies in tilt" h_,h ]'requt'nc.l" of siumltanemts

COl't'Fa,k't' of tht' t'ntirc rcgh)n. Updates in pOplda-

thin shifts and hind use changes may be made at

h'ast once a yt'ar. .|hlrt ° ]'rt'qltt'nt t'hct'ks it'oltht bt'

tmnt'ccssar.r sitter' sut'h gtl)lcth is tilt all that raphl.

"Fht' most Immlint'nt motli]Tcath_ns of the Idnd

tcud to clutch,rate at tilt' rttral/sahurban hound-

arl"-tht' fringe :one...In t']'fectire Wa.l" to monitor

this is to set up about 5 s,utll coutrol areas ah)lI.V.

tilt' fringt' fi)r u'hh'h accurate rariations ill pOl_ula-

thin athl land dt'rclolmWnt are ('ht't'kt'd Iwriodi-

tally on tilt' gnmnd. Tht'se ('hallg('s art" ('orrehlttkl

with gradtntl, cousistcm aitt'rathms ill the corrcs-

polhlillg spt't'tral si.t.'thtlltrt's. Tilt' control drt'as h('-

COIIIC trdilling sill's tO t'A'tralnl_ttt' tht' gt_)u'th datd

to the hargcr ('omrantl_h. an'as ahmg the .fritlgt'.

Activity 6

_0-1 : )'our acthm.

_-t_-2: Fht' main ralh'y s, mth ,,J" Bhlt" .llolln-

,,tin au,t tilt" S, ntth .Ihmntain hills ,m the hori:on

,m' rt'adily rt'('oglli2cd. 17It' hilt" hi/Is in tilt" mhhlh'

ground are .,lot ('rh/t'tlt ill lit(' i'thlg('. 171( _'Itrri/illt',lr

trec rows th'litit'att' Silt'Sills. [Tit's,' art' lilt ¢l'hIcllt

ill I"igurt' 0-.; hut mar show up I,oOrll' ill l,,ln,I 5

images o.f the Ihtrrisl, a_,,, sct'ncs. 17it' hlwlan,ls are

a/,,),lt I') to 2.¢ km (12 to 14 mih's) wi, h'.

#t_-3: )'oft are on the west shh' _.t" thc I-,s'.;

Iwidgt' at'ross the Nusquchanna Iookiug sl(_'ht!v t'_L_t

of north towards the railroad hrhlge and ,h)wn-

town Ihtrrish_trg.

=¢_-4: lilt' iudirhhtal ficl, ls are rcctanguhzr

with a whtth of 30 to t,O m (!00 to 200 ]'t)and

.'en,_th rangine ./hint 150 to 300 m (500 to I Ot)O ft),

17ns strip pattern, with ,i(t'.li'rcnt chips ill altcrttaliltg

ph)ts, is ('hanzctcristtc of fimning in tilt' haling

I*icdmont of I'cnnSl'h'ania I)utch couutr)'.

Fhcsc fichls art' t rph'alll' only _"_r .; pi.vels ill

urea. 77lt' pixt'ls prol)aI,[v cut at'rr_ss crop I_oltnthz-

rics. thus twcmniug mixt'd pixcIs h,zring litth" con-

trust with Itci,ghl_ors. ()ill|' tilt" largest th'Ms are

disccrnihle ill tilt' Stdll:l.dr_ t iltld._C. r,7l," ,',;]lit;i¢it t

t'ltht_,t'ntcnt (b'_t'u, t' 6-4) shows a nlunbt,r of ,/is-

,'rt'lt' fichls, maillly I_t't'alis(' o]" contrasts ill stdgt'x

o]" crop growth and itltt'rspt'rshnl with fidlow phlts.

Ilou.'ercr. t'hmgatt' ]h'hls art' not l_romiltt,nt. Most

ill'his sct'm irregular hi shapt'. .|li.vt'd pixel t']fects.

which will t_ro,tucc irregular bouu,hmt's, ol'Ji'r at

h'ast a parthd c.vplauath)n.

#t_-5." Tilt' si:t' ,).f .lhthonel" ('ity (mort" than

40 l,ixt'ls) and its brightness (light-cohlred .tram,,

bllihtings) indictttt' that this town shouhl lit' risibh"

ill. Sa.1". I"_t,ttrt, 0-3. Thix town shows high risibh"

contrast with lilt' coal-strcwn surfitt't' tit the ra//t:l'

and the trct's ill the ridgcs and hills. Ih)wt'rer. t'ri-

dent'; fi)r lilt' town ill band 7 inutgt'r)' is incont'hl-

sirc. "ITlt" town /it's aIVmlximatel.i. (hi a #tit' joining

the 21) and 2c arrmrhcads, at the poitlt about I i'm

(0.4 ill) to thc r(t'ht of 21_. Tht'rt" art" motth'd _htrk

tllhl I(eht l_attt'rns ill the immt'diatt" ricinit.r rchttiug

;o tilt" ('¢)al sltrfilt't'$ scattt'rt'd among woods. To tilt"

wcst. thc town _q" I"ra|'krilh, is t'asi/y rt'cogni_cd ,ts

tht' _htrk gra.r spot about 0.5 ('m (0.2 ill)SE of th,"

21) ,trniwtil,. ..I simiL;r pattt'rll filr .lhthont'v ( Tt.v is

missing.

.-'t_-t_: It is ,'err ,tif]h'tllt tit hwate vmlrself

Tht'rt' art" two C{II('S. hill I,oth arc ._'(IDIt'W/hlt tlill-
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I,(k'uous. Fist' coal on lilt' ._urfilCe in IEe ]'on'gn)und

Cd;I phlet' yoll a[lllOSt dllyW[lert' along lilt" south

side _V" Rcserroir Lake. which is adjacent to s'urface

mining actiritws in the flilL_ iust to the Solllh.

Ih_wcrer. note lilt' hlrgc cl;']'t or rldh'y ,m tilt' hill

ill lilt' I,ackgroltnd. It appears to curve to the leJ't

or westward...I Set'olld dt7_rcs$ion Jhrther west
st'e/Its lO lrelld to lilt' t'_L_l. There are two thin dark

lines (stream ('hattnds?]. /ttst h'J't of the 2c arrow-

tip ill I.'(tlttre h-.¢. whose,)rientati, ms fit this l,attern.

l'he camera, tht'n, w,/s hw, ttcd on the sotlth shh' of

the east end oJ" tile rt'serr, fir.

_0-7: 17le I,h)onl w, mhl show up as s, mzewhat

lighter t, mt's ill all I,ands. i_articttl, rI.v ht h and 7

,tn,t wouhl he I,r_,ht red in a coh)r composite. Nor-

m,dh', t,, he seen. the I,h)onl shmthl I,t" whh,spm'ad

ill ,1 .htir!v hl_',' htke (see I"(k,urc 23h ill Misshm to

I-'art h L

_q,-S: Steps:

I. /),'fine the ehlsses t,,/,c inehl,h',l ill classific, l-

ti_)ll:

2 Determine lilt' sc)llrces oJ'illfi)rmathln:

3. Procure suital,h' ant'ilhlrv infi_rm,'tion (mat)s.

I,h,,t,,s. ",tbuhtr data):

4. Ihlkc Lanilsat enhlrgi'nlt'nts of lilt" rt'ghJn.t

t'_)tll,lillitl,q sites:

5. I.o,'ah' polCllli, ll sitt's hi im,lgery alhl dssess

,h'tet't,tl,ilitv and homogent'it)'i

¢,. ('oll,_Tllt with h)ca] c.vpcrts alld reshh'nls c)ll

sl,t'c(th" J'Calttre hh'ntities, eh,mtt'teristics.

alhi ,lccessihilit)'i

L I, h ntifv ji'atures ,m Lands,It elllar.'t'metlts.

tlS#lg an,'//hffy and ,'onstdtant inlmtS:

N. .l/a/,e o:l-siteol, serrath)tlsloeht'ck idt'tllifi'ea-

Ih)ll. ,/lit/ IIt'w sites, tllld t'llsurc thal each silt"

is suital,h' ill tcrnls ,_J"the five j_lctorx in site

st'h'clion ."

q. Record ,h'gret's ,_f /iont(,getleit.v within sties.

,m,l otht'rwise ,h's,'ril,c.

l O. D,,t'ttmt'nl sites in ._r¢ltttl,I i,h,)t,)s.

=h- 0:

I I)iffcrcnt crops art' i,&_ntcd in the s,_ntc fields

ill ,lifJi'rent rears t)r as d .q'cc)n,I ('rl)I_ ill d

;irc;l i'eclr.

2. I)iffcrcnl hmal l'dttcrns rest!It .frlml ,l_fj,'rt'nt

stages ,)f ,h'rehv,lnent during the growing

seaEQll.

1._. The saint' fieM may he subdirided for two or

more ero[ls iil a tlifJi'rt'tll mallllt'r in $tlcce$$ilT

sea$oH$.

4. The farmer nlay eh'¢t to keep a fiehl fallow

dllrJllll ¢)llt" or lilt)re years.

#_-!0." The two race tracks in the coh)r aerial

photo arc" h)catt'd about 3.2 on1 (I.25 in) up Jh)nl a

I,oint just to the It'/? of the center of the bottom

margin ,V" the U-2 photo. Look for the pattent of

lilt" woods ills/ to the i'tu¢ ¢V" these tracks. The

hottont parts ,if the woods patterns ill the upper

right corner of the aerial photo art' just to the right

c)j" the central Jhluchll mark at the bottom of the

..IS(S photo.

#¢,-! 1: 7he h)w,'r (more southcrn) racc track

may he reddil3" seen in Figure O-S at a i,osition

slightly to the right of a point about 5 cm (2 in) up

from the t'etlter I)Ohtt ,)n the bottom ltldt'itl. T'hc

othcr /rack is lbint hut risil,h',

at,- 12: S, mrccs td" l:'rrt)r:

I ariahh' scanning mirror rek)city

D,'tcctor rt'$l)onst" (striping hkts)

Irrt'gtd, zr detect,,r sampling

I'itisc I#te shirt

..Itim kqdteric in terJi'rencc

.llaI, projt't'th)tt

i arial,le spacecraft reh)city

Shifting orbit (altitu,h')

..Ittittt,h, changes (pitt'h: n)ll: yaw)

l_'rspcctire (o]'j:ttadir ) ,IL_tortion

Earth eurrature

l:_irth rotathm

Scan skew

The ni't effect of these t'rnlrs is that indirhhlal

lqxels will not he h)t'att'd hi the precise array re-

l)rcsenh'd by inithd samf,h'd areas on the ground.

and radiottletrit" illletlsilicS measured at the st'tl$or

arc not equirah'ttt to lhost' [earitlg the l¢lr_t'l att.tz_.

Resanll,ling anti other techniq'ws for correction are

need.',L

=h-I.¢: In tile overall ,'lassificathm. the aceu-

r,tcy is simpl)" cah'ldatcd as the SIIIH of tht" nltnlber

of t'orrect hh'ntificalic)ns Ji)r each class as a per-
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ten!age of the total nttml, t'r o.f" units (pLvt'ls).

which consists, ;.f"tilt" sum, ;.l'tht" c_,rrt'ctl3" hh'nt_f_t'd

pi.vels fi,r ,t chtss phts the pLvcls representing errors

, )j" c,_tnmissi, m ,m.t onlissi_ m ,tsm)ci, ltt'd with that

,'htss. 17It's!" crr,,rs m,tv sLeni]_,'antlv hlcrt'_lst' tilt'

,l¢'?lOltlilt_ltor tO llllltlbcr,'¢ grcatt'r titbit! tilt" ,l('tlt,ll

t, )tal fi ,r any ont' class.

t_6-14." ..It! crror of commission is ,t mt,astttt'

,V" the ,tbility to discriminate within ,t class and

oc_'ttrs whct! tht" class_lTc'r incorrcc't!v commits

pi.vt'ls of tilt' ,'l, lss bt'ing sought to ,,tllt'r ('l_1s.,¢¢'$.hi

tilt" tJgricultltr_tl t'.vdml,h'. ]ht" ,',_tnttl;.ssicm ,'rr,;r fi,r

,'orn sit'IllS .f'm)m itnpm/;t'rlv calling other ,'l, tss,'s

t',}rtl. $() th,tt St'l't'l! /)iA't'l,_ hlbt'Ictl ds t'ilrll lift" rCill[v

d t'_ml,osit," of,)tht'r t'/,zsst's...Ill t'rm)r o fomissi,;n

ttlt'(lSllrt's b¢'twt't't! _'ldss ,lis('rimitl,ltion dtld rcstdts

Wilt'It (111¢" t'],I._S (Ill tilt" gn)ltn,l is nlisi, h'nt(Ht'd ,is

otht'r t'l,L_st's(t's) l,v tht" obst'rritlg st'nsor. /TiltS.

I.,tn,tsitt .tlzils t,_ re'c, L_ni-'t" ,tnd corrt'cth" i_h"ltU_v all

4._ l,ixc'ls of corn ,is such. ,tnd htl,t'ls IS eLl'tilt'St"

pixcL_" ,is othcr c/,tsses.

=_-15

l'r, tining sit!" mish w,;tcd

hhtdCqttatt' training s, tmph's

iI:lm/,t'r too h)w dtld or sitcs

?1_ )?I'I1 ?ll.f_ Will ( #tilt H?I( )_t'/It't )dS ]

.llixt',t l,i.w'l t'./'/_'ct

( 7,1ss iml,r_ ,/,t'rlv ,h'.fTnt',l

(?nmnd truth ithlt','tlr, llt"

Sit!hi!tire' ,'A'lt'ttsh)tl inl'dlid

St,tec ,,.t gn _wth not c, msith'red

l't'tttpOF_tl d_l'f_'rt'ttt't" I,¢'twCt'H ._m_lt/hl trttHt

,tnd satellite ,t, tt, t

_¢_-1¢_."

.l fi H't*/Ht'nI ,,tgl, wicrs

Frupth m o.t i',,h',ln_ ws

I):7,osithm _V'sand

(;rowth st, tges _.t I'c.ectati,,n

Storm d, llthl,l,t"

hlthtx _Lt"p, ,llutants

=o-I ":

I,Jt'nt(th',tti, m o.t',l,,St c,,vcr t Vl,CS ¢,'l, tsscs)

I,h'ntit.v and ,listril,u ti, ,1 o.l'urt,,m Sltt,cl, lsst's

I., ,cati, m, ,f Idkt's

. i,t_'ancc o.istrip mining

So-IS:

Silt hind i1; streams

I'oint sottr('e I,,fflution

h!s, ffdtiim ( irradiance)

R,'hitive humi, tity (at ,'alihntti, m site)

¢t_-IO: 17it' ,list,,rthms rcsldt m,tinlv .th,m ,t

,'oml, in,zth,n ,_.t" irregul, t.r. o./?t'n t'rrath" moth;ns

(v,lw. l,it,'h, and n,//: v, triathms in slwt'd atztl ,;lti-

tlt,h. ) and , ,.O'-n,tdir , Dr t,t'rsl,¢ctil'e dist,,rtfi,ns (scan

i'll'tilt'HiS Or piA't'L_ if'lid go h'ngl]lt'tl ,/wd.t" .I'F:)!!I

gn;un,l tnlt'_ ).

=_-20: 17tc !n,,._ likcl.v e.X'l,l,m,lthm is tim!

,'l_)l;S t'()llSi._'liltg o.f't'orn, s(l.vbt'dllS. ,llltl smdli g_itlS

t'n,dut','d it! I0 "1 ha, I I,trgt'Iv l,t't'n Ilan'¢sh'd t,v

_h'tobcr 21. I._t'l, ls wt'rt' ,'ithtr I,ar," or t'Otlhtitlt'tt

corn stld,l,h' and oth,'r ,'n,/' refits!', l"ht" histograms

,tssoci, ttt'd with thcst" ,'n,/,s d,'tthtll.v nT,rt's,'nt the

ttn,h'rll'ing s,,il. .l/s,,. !hi'st" t'rol,S. _l" still prt'st'ttt.

,ire in scm'sccnc¢" ,Ill,/ ,ire lil_t'lv t'A'l;¢'rh'tt('hl_ ,h.-

cn'ast's in clhtr,;¢tcristh" I!_ n:th'ctdnct" h'vt'ls.

=¢_-.'1" I'crccnt r='.!h','t,mcc. Sottl," n ,'_s arc

mt,'h "'l, ri._ht cr'" tha,! others.

=o-22. I.'ronticr (;rccn S,m,lst,,n,'. Its n'tTt','-

I,ltlt't" ,_l,tlthttllrt" ._il_}lt'S ,i ,lislltlt't l_c',i_ ,IFl_ltnd t).fifi

_Utl.

_¢_-.'.? : ( Ttu_w, lt,'r: R,',Llish; stccl, Sl,t'ctr, tl

rt'.'_'p¢)ltS,," t'llrl'¢" l,c'twt't'tt O. 6 and O. "lain.

171t'rm, 't','/is Sh,:h': Bla,'_ ish: un(f_ ,rm.
.¢Ltt SI,¢'CIr_I[ rc'.llt't'tdtl,'l" thl_}tt._.ll gilt vi._ibh'; h,w

itltt'tlsilv.

_¢_-24..ll, s,,rl,ti,,n I,,ln,is ,it 1.5 and t..o tim

art" tied t,, ,_,,rt!l,ll ,ttnt,,st,ht'ri," I! ,0 (w, itcr t,,tndsL

17re I,,i11,1 ,it ..'..? #m rcl, ttt'st,, ('0". i!1 c,trbon,tt," (in

litrt,'st, mt" ,,r m c,lh'it," t't'ltlent ill &tn,tst, lnt's) ¢,r

¢llF in cl, t)s. ,tll ,_t:n,,sl,ht'ric ('0. I,,111,1 nt,,tr .2.S

tim is i,t y, nd tilt" w, ll't'h'ngths mcasltrcd.

"-o..': B,,th sl;rlitces h,lvc ,Ihnost the s,tmt"

Sl,Ct'tr, tl rcsl,OtlSC in the 0.4 to 0.o t_!lt intt'r_'al. I, ut

the n,ttur, tl surt_t,'c of tilt" .lltt,ldv &tndsttlnt" shows

sign(th'antlv hi._ht'r rt'.tlt'i't,tttt't" (0.1 0.2 reth'c-

t,lttc'e units) th,ln lilt" S,iwt'd (Slth),,th ) sltr¢_l,'_" l'w,,

.tdt't, rrs ,t,'C,;uttt .ti,r this: (l) tht" sttl_,th slttT_l,'c"
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approaches.Vwcularreflectance whereas the natural

stir]ace is diJ'J}tse and scatters tt_ort' radiation to the

detector, and (2) tilt" ttatltral stir.face was covered

hv light-cohered alTeratO?tt prodtwts (cla)'s) that

hare hLeller rcJh'ehznces.

44. •,,6-_6:

I 7ewing condithms can he controlled:

ReJh'ctanct's can fw qttantified, ttsitlg cali-

/_ration targets:

l)ifJ'erent surfiwes can be examined to get

al't'raffd i'ahtes:

.lh'asttrettletlts Cdtt b(' repeated trader :he

satlle or ot]lt'r ('ottditiotts:

"_tt74t'ts call be samph'd dir,'ctl.v to dett'r-

mhw composition arid other l;roperties

_U'lt'cthlg rtJh,ctances.

_6-2 7: I "ariations intro,hwed hy iHuminat_.,n

difJ'erellces t'tc., injlttence I, oth ealibratioH altd tar-

get sltrfi1_'es iH the same wd.v. l_t'fcrelteittg to a

st,m,htrd (in this ease hv diriding ,)r ratioing)

t'litYlitlates [lie i',:riagiotls (rt,j_ectallct" valtws f,r

troth sttr]_tces might rls(" t,rol,ortionatt'l.v as the SlUt

apl,ears from I, chiml a thin ch)u,l.dirision l,rodttct's

the s,ltltt" llt'rcdtlt,t_u re lh't'lallde ,is ol_taitled w]l_'tt

chntd ol,scttrt's stmlight, sittt'e rallies/i,r/,oth sur-

t_tcds thc'H tlt't'rddsd [,r_ >t,, ,rri_ uld[t'l)" ).

=o-2S: lTlc normalization applied to tllt" fiehl

spt'ctrd rt't?lOl't's tht' t'xtt'lTlal itt.tlltettces, sll('h as

,ltmost_heric ,tl_sorptbm. attd prorhh's a "'triter'"

i_idic,Uicm of tilt" Hatttrdl reJh'ct,mccs of .flit' ma&-

rhll.

=0-20: For detecting rt'gd&tth;tt, ha,INs dt

O. 0 7 arid O.S 7 i_m: these show the ma.x'imtim spec-

tral ('otltrast _lttd ,hits tttOSt shdrt)l )" s(7_drate I'egt'-

t,ttioll from soil I'.triation'; among vegetation

species and conditions show the htrgest difft'renees

,It O.S 7 IMII. ..! third ,']tdtltle5 at 0.56 IJtH is sensitive

[_) "L'rut'lllleSS. -

l'br detecting I'egetdtiotl chan._es related to

stdgt" of del't'h_l,metlt, monitoring with MSS bands

() ,rod " _irt" host (..I. I',_rL. pars. comm.) B.v takhlg

fhc ratio _.f" 7 to is. as pIdnt growth stops, the raft'

_.f" _'tl_tltgt" i:st'l( dhdtlgt's. If" plant stress ocdttrs, tilt"

rdlio I'dhtt' Ilhll" .flip. I't'gt'tatiotl c]latlges rehlted to

t;t,:],,:tttr_" ::tr_'s-: _',i,': ],t'.;t ]_t" tlt_z;iitt;rt't, a P,; ?.,'.';'_" :7

,Ilia ". It'hetl ill_#sture stress OCclirs. the absorpti, m

h v ehh_rophyll detected by hand 5 will change, and

the' ph!nt turgidit.v expressed hl baird 7also changes.

Radiance h'rels in these hands are rery sensitire to

these shi f ts and ma.;' even proride preristial erhh'nce

of stress ill in,firidltal or groups of plants.

_0-30: .\'one is too effectire. The ban,Is at

I. 42. I. 77. and 1. q4 1am relate both to atmospheric

moistltre attd to plait, water absorption...It 1. q4

lain there is also absorpthm assochtted with the wet

I_are soil...It that wareh'ngth, tile refleetances from

vegetation tim" noticeat, ly h_wer, so that their eon-

tril_uthm is re,bleed rehttire to soil. :.lbsorption at

ca. O.qs IJm and 1.1S IJm in the |'egetdtion is caused

mailllt" hi" phmt water.

Perhaps a better strategy is to measttre the

difJ'erettees in water cot,tent between dr)" attd wet

soil at the wal'eh'_lgth o]" maximlttH r(Jh'etance

at.If err'lice. This is agaitl h)cated at I. 94 lain. fi_r

these samph's at least.

_6-.¢_: Candi&m's fi_r rtjeetion are 1.22 or

1.27 lain [reduttdatlt ,rod not particularly indica-

tive). 1.42 _m. ,Ilia I. 77 lain (t'oraridtt t attd affi'cted

I_" atmospheric moist,ire), arid 2.22 or 2.25 IMII

(re_htll_hlnl): O.qs5 lain ma)' he dIIIb#.'IIOIIS.

_6-.72."

0.40 tam (measures bhw)

O. 56 lain tsensitive to green)

O. 6 7 om (chh)rollh.vll absorption)

(). S 7 lan: (t_mximttm hhmlass reflectance:

VOtllrast )

I. 25 tun (modcnttcl.v good separation)

2.25 lain (sep,tnttes soils .]h)m regehHion:

sellsitive to ('0, arid 011 ill soils/

nwks)

..111 I,ut otle of these were seh'eted fi)r Landsat-D: a

case ma.v !'(' math" for I. 66 _tm. also Oil Landsat-D.

=h-._._. "Fht'._e trollghs o)rrt'spond to atlllOS-

t,herie ahsorpti, m hands ,111,1 also to ahsorl,tion

hands n'Sldting from water in tilt' form o]" h'af

moistltre. ]'ht" stte('tromelt'r itsed to obtain these

cttrvcs ,'re'actively tnt'asttres these l,eaks and tlrorides

a qlt,lllfilatil't' t'stilllatt' of m, listltre eolltettt. Ilow-

t'l't'r. ,I ra,liometer (or S(',lllller with hands)]h)wtt

ill space wotthl t'x/_t'rit'tlo' two problems: ( l ) tit('

..: ...... l *'- ..... .,I,t tirdl _ltld (-t'tltell'd till dll.,,>,,., j,t,_ d ;idi'_'t'_i* r

_ti,.s'ort_tion l_and would he weaker, and (2) ,limos-
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phcric al_sorpti_m would intcrfcre with (mask) tile

t'J'J'ccts of plant water allsorption by a_hlitircly

itttt'ns(f.l'ittg tilt' dccrt'ase #.t rt'lh'ctattt'e.

:¢0-.¢4; Band o. ccntcrcd at 2.2 otn.

#¢_-.;5: 0.o¢_ /am and O. 77 lain.

#¢_-.¢0." Flit' l:ll han,I 2 sensitivity is Iwakc,l at

0.50 lall! t_r tht" grcett. Its ban,l width Js ,h'signt'd to

accept risil,h' light ranging from hhte-gn'ctt th_mgh

.vt'lIow_lr_itl,tlt'. Bt't'allst' Soils ttstta/lt' /|tll't' a v¢'/low

co/or componcnt, thcv also t'otltrilltlte to hattd 2

and ,¥11t'cllrill I'l I]ltrast ht't Ivl't'?l 5_il an,l roletatJ(;t! Js

ircdllt't'd.

#t5- ¢":

t,t) (I,) (C)

2.¢7 30"; 5t,";"
=0.72 _= 1.15

31'" _'0"7" 21'7"
= 2.0_

4/I 2.¢*;. .¢0'7 50'7.
-- 2.SS _ = _.50 _ --- 2.¢.0

S 4 2'7,

17to x v.vtcm,:tic chaltges ill tht'sc ratio |'ahtcs Sltggt'st

that it may I,c .fcasil_h" to cst#tnlte the pcm'ct;tage

c>.f" the vcgctathm t'olltpOllt'tlt ill d tllLvt'd pi.vcl re,

f,rc_cnt#r,." ,l ;w,,-cmnl,oncttt (vegetation: soil)

Sltrl_lt't'.

=t_-.¢S." ¢'ttrrt' I;"t'orr_'lLttt's .\'l) with ,z scric._ ,,f

,'r,'nts in th," growing ,'vt'h'. Once ;his curre i._

established ohserratfimally, the vahws of ,VD

can blab'ate which major stage has heen. or will he.

reached. Ilowerer. tht're art" ttormall.|' two .VD'$

with the sante ral,w. Sonle Mea of the relatum of

the time of ol,serl"am'e with the rela_i|'e thne (eater

to late) within the crop eahvtdar must I_e obtained

l'ronl hidt71emh'nt sources. Curre F shows that .VD

hlert'ases up to the time of tna.vin_um .viehl: there-

after, it presttmabl.r reduces as the phtnts age

(curre E). whih. the .vieM shouhi continue to be

constant Itntil harrest. Suceessire observations will

t'shddish the ,VD trends so that the ma.vimttm ntar

be ph'ked arid correhlted with a yiehl ¢ltri'e eMatr-

iished JW a regrcssh,t phil. 17re effect of wheat

w,ttcr stress will show up aa" a trottgh or th>wnward

spike hi the ph_ts of IR radiance. IR/red ntth_, or

NI) as ,1 yiOlCth m ol'ollst'n'ati_m (Julian) dates.

_o-.¢q: The poilttable intagcr, when h_oking

c_.t']"h i the shlc. will ca,lse all intage disttlrtion i?lztch

Kke that charactcristh" of aerial obliqlw photos. It:

effect, sqtlare pixei._ (.it nadir) will het'ome in-

crelk_ingl.l' t'hmgate hl the direction of side-looking.

with those bl the fi;n'gnmnd h'ss st;etched than

those fttrthcr out to_¢ards the hori:on. ("[Tits t'/'fi'ct

occurs with tl, e .I!SStltl landsat, hut the rehttircl.v

narrow rich1 of ricw /11.5o _] nnskcs this distal

thm ratht'r slnall. )

171c ehan._ing angh's 111 tllL_ side viewillg also

inflt,'nce tilt" radimnctrh" signals in several ways:

( I ) the attgh" o.¢'rcfh't'tallcc t'hantles. (2) the ground

area Illt'asllrt°d I_)" ollt" pivel (,h'lcClor) increases.

and ¢3) the length of the atlnosllhcric latth #lcreases.

Activity 7

- "-I .".llan,l¢cnlcnt c_t" range lands; wihll(t'c

Ihtl_itdt inl_ut. iwtroh'um ,'Xlqoratitm; dJ._asler

¢lN,_'t "5"Stllt'll t.

='-2." I'rt'scnt higltwav h,,'at.i, ms. ca._e ,if

t'.vt'a|klth)tl, lil.V talc'st ",oning Idw.vi (t_rretlt t'ost o J"

,lrailabh" land.

='-.;: I:'ntn,'s 2..;. ¢_. -. 10. 11 (')tt, r,1rving

='-4 Ih7'th to l)c, tr()('A. ,h'pth t() ground-

wdlcr. ,_,t(mttdwdt.'r ;'i,'l,l rat.', i't.'.

_7-5: l'h; spathll ,'Onll;oncnt wouhl lie the

water stlpply network...Iraihll,h" stir]lice water

whh.h is prone to sea._onal /htctuathms meets the

tt'lnl;oral dinlt'nsion rt'quirement, and atnottnt$ o]"

water cOnsltnlpthm in a high dellsit.v area wouhl

satLq_r the thcmath" requircmetlt.

hi ,1 non-GIS data bt_'t', tilt' data t._eltletlt$

w_mhl trot be gt.ort'ft'retlced. Iq _r example. ;hi' arail-

ahh" sltrJ_lt't' water mipp(v is arailahh' I_.r acre feet

on a tnottth-Iw-nlonth account. The high density

resident use L_ filed by district in most water

companies. 171is in.lilrlnation is ill chart or tabular

¢;_rm m)t II1" tilt' _t'orett'rellced mt'thod _)f'a (;IS.
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"" _-¢_ I'l;," h _!l_win'.." is n_ ,t ,m c.vh,mstivc list,

rdt/It't" It I't'l_l't'St'llf._ lilt' tttt)rt' I'Oplddr I_Ollthltlrit's .

llst'd ill h _d,tt' _" ,h'ct._t, _ll m,l_ilI.C

• \',trio _nal

• Rc,..'i_.!n,H

• .h'tdtt"

• ('cHIIIgv

• l't_w:l

• I_,Ill._t'

• I; nt'llsllil'

• II,ttt'rsht'ds

• I"t c _lc_.ffi_",ll t'_ ,tttttlltllitit's

• Iq ,'t'st St,tn,l_

• I'_I,t_l_,..,ic,tllp_l,,ttnt,tins)

• II'dtt'r /,_ _,tics

• ( 7im,lt_ _lc_t.'it',d. ch '.

/7lcs,' l,,,un,l, tri,'s t,,:d,/ l,c t'_,ic, l ill lilt' ._t,m,tard

t'_dill_ _t'ht'itlt'. stirIt .1s

• ['l't'St'll('t' ,lt_st'n,'t"

• I_t'l'('t'llt,l._t" , 't t ,'II, ,,vurr. Ht't'

• I h,/in,d, _r m ,,'ln,ll _t',llt'

• I'_dv,_ll. t'tt'.

171¢" ttllt t:t,tllt" t" _t'l:t.qv¢" I,l vt'rs ,lrt" It's._ th,ln _r ¢'qlldl

t,_ thc h,t,d ll_llllI_t'r ,_l" /'_ssil'h" b_Hzlt,l, trv Lll't'rs.

='-_. I'_mr ,_thcr mctl:_,t._ arc ¢I) Or, lin,d

I¢,m_in_. t _"_ \, mlin,d l_,llt,_Jn,..'. I .¢1 ( ", _rn,'r 1 )t'si._l:,/-

[h _lt. /_¢'t'_r, ls ddt,l I•,li/tt's dt t',l_it t'_ _rllt'r _.f d t,.rid

t't'll. I)l" ,It •%lllllt' ¢)llt" t'¢)t'lltT {t'•.C.. \ It' t'l)Fllt'l'). (4)

('_)ltl!_dl\ltll't" I dlll¢'S ;ttt'dsl/rt's ,It?l(;tl/It i;.f J pdl'ti-

tll[,ll" d, ll,l ill'lit It'llIli/l ,I d, ll, l t'I:'?tlt'/lI. ('_)/tlpttrt'd

_vilh _l/It'r lit'ms Wit!lilt lilt" sdtllt" t'h'l!lt'tlf.

-_-,'; I)ltt' _'_tll, i dr,'ltt' ti)r dtlv _)Vt]lt'.tl)rltldtS

;ri, t - Ill I',llu,'_ ,_u/,t /,,' ,n,,,tlt',/ t_ tilt"

t','tl[t'/" l'_i_lt ,'t lilt" dri,/ celt. whit'h rt'pft'st'lltS tht"

;'r_,,,crt_ ,_wtlt't'shi/' l'lli._ ,,lvt'_ ,'_l¢'_,iitl'4 time' rind

,_ _t /,tit l, ,,,'s ¢c, _,zr, t/';:a',ll ,Ict, ltl._.

15_h¢,,I- Iv :'r,,.,'t'rlv l,r,u't,l, zr:c._ '_lu._t l_t'

,lCtillt',i ,_r it lilt' ,.'rid , ell _I-'t" ;_ ¢'#hcr ._rt',tttr ,_r

/_ _ /It,ill lilt" t_'/'¢_./'t'F/'l "12¢'. t]lt'/l tilt3 t,,rl_l,lt i•_ thc

lli_ ¢',l - I Il_ _tt _ t, ,r .% _th ,t,h',lnt, lCt'¢ lit .qhlt ._'ri, t

t, '_t ,tit,. _ ',;.ltlif,ttLtth ,_'_ ,.lvilt,'s t.gtl ,_'¢' ,c_¢_ni:_',l

,tnd then conrt'rtt'd to polygon .ri;r rcal-worhl

di.v'l, ly.

=7-0: 17lis wouLi th7,cn,I on .your organiz,t-

/i_ It. I_ttt tilt" p,trticulttrx ttr(" t'sst'nth!ll )" th 9 S_ttllt" its

put fi_rth in this st't'th_n.

= "- ! 0: l.ist the l_rt'pr_ wcssin.,: ,tt'tutIll.l" usc.t.

I'his is imporhillt l_t't"dllSt' lilt" i_rt'l_rot't'ssing will

in.thtt'llct" lilt" information t'ont, tincd on tht' htpe

(e.g.. gt'ogntphicdl h_c_ttiott, mixivtg of spcctrdl

si?._ltdtttr¢'s, tttlttr _sl;ht'rit" t'J.'l't't'ts, t'tc. I. tttht lht'rt'.fi)rt"

will a.Ui'ct )'_ mr chlss(th',tti_ m.

17lc stdnd, lrd I_rtT_r_t'c._._ing is to correct .tier

:,'comctri,'. radiomctrh', dlht sht'lt" distortiolls tltld

s_ _tllt'tilllt'S g(_t,tti_)ll tt ; ttllt' /l(_rth.

= _-I I: ..h'sthctic conshh'rath_ns, fc,h'r, iI ,m,t

state rt'gltldth)ns. I;ropt'rt.l" vtthlt's, lit'all polith',tl

c_ _nsidt'rdth _ns. l'ht' wt'lgh till'.: _l'{lttld I_t" sltbh'ctir¢'.

,lltta _togll st)tilt" t'('Olll,nist ttli_]ll dr_ltt" that ,t .fithlll-

cial value should tw put on ,dl.thctors in the dt'cish_n

.Is with ,Inl" t l'pt" _.l" silt ,ithtll'sis. ,l lttr.'c"

: ,lrit't v __.t"vdridl,h's sh_ _ul, t I_'" inc_ _rp_ _rdtt'tl inh; lilt"

,tltdll'sis•

=--12:

I']tll tillin,." _',_llLI /,C im'ht,tc, t :t,,h'r l, tn,t 'i_¢"

or s_fil. If it wcrc blclu,h'd ll/htt'r land list', it

It't)lll, t t'rt',ltt" o/It" mort" ('ldss O.t'ldtht list'. /'t;:

dtl V t'h,lltgt'S ill _ )r t:lyt'('ts ,hit" t_ _ lilt" t'slim,ttt'd

pn _h,ll, ilit v _,'_mid l,t" clear.

I),tt,i c_ul,! /,c co//,'ctc,l /,y rt'mott" st'ltsing.

Jr l_i" ,Is 1_in_ lilt" f_lrmt'rs.

.;. I"h'l,I tcst ,t, lt,t wouLl l_t" nct'dcd to c, tlil_ratc

tilt" tlt_ _,h'l.

4. • /]lrttlt'rs t_)ttld [_t" t'llt'Oltrdt_t'd to ITS(" Ht'W

l,rdctit't's throttglt infi_rm, tti_n circulatt'd in

N_ _il ( "_qlst'rvdth)tl Nt'rvit't" I_tllh'tins t _r lltlivt'r-

sitv ,t._rit'ulturttl t'xtt'ttsh;n st'ra'h't" l;aml_hh'ts.

171c m,_,h'l would /,t" nln with ,Ill Jhrmt'rs

ttsin,.4 tl_ _ thll tilLt.tzc __r all .thrmcrs ;Isill,.; ¢'_;m-

/,h'tc .thll tillaec 17lis woul, I show l,v ,litfer-

t'ttt't' which /_rat'tit.t. II'_ltLt bcst mct't tht"

o_, _.t../ __l,/t.:.!.;v:."
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=7-13: .-Is with any system. _1 ct'rtain degree

o.f t'oliJldeltthllit.l" is llt't't'&_ary to t'tlsllre lhtta t'Oll-

sistt'llt'.l" alld at'('llrat'.v.

.| I'arit'[.l' o]" war's will wor,k. $,tt']l tiS ttst'r

passwont, account sl_t'ci]h ". limited at't'ess, fih',

sccttrit3", write thzt,l to t,lpe. ,lnd physi(ktll.v s¢'c'llrt'

it.

=7"-14." Reread tilt" gt'ocotling secthm of this

ch,lptcr. Obviously tilt' lat,'er the grid t't'//si2e, the

h'ss ,wctmttt" will be a tirol spet'iJh" geographical

lot'ath_n.

lilt" categories that wotlhl bt' most st'rh)ttslv

,t.t'fcct,'d wottl, I b¢ linear ft'atttres (h_ehwa.vs. rail-

road. t'tt'.) ,l/IN all)" spt't'hll fcatttrt' such ,is points

( hi._h wic sites or st'rt'it't" .facilitit's).

='- 15: 17w I_r¢_ad lan,l _'cn'cr pattern eridcn"

in tilt" I'I',_L map is cJfcctivt'l.v dttlfficatt'd in tilt.

L,tndsat ChL_S_tication. Tilt' big ,l_tfcrcnccs are ill

dchtils, h'vcls of chtssi.fh'ation, and accuracy

L,,ndsat being mttt'h mort" spt'c_lh" tiJr SO/lie t'hlsses.

17ms..tor t'O/tl't'lliellc't', tilt" I'I'&L map combines

st'l't'ral ltrDall catt'gorit'$ that ,trt" subdivi, h'd hlto

[hrcc wcll-dcfincd classcs ill tilt' Landsat map.

IItnl'crc'r. tilt" I'I'&L map colltai':s 5t'l't'r_tl CldSSt'S,

Site!I! ,IS .filrt',_tt'd d/IN /Iotl.fi)rt'stt'd Wt'tl_l/ldS, that

wcrc choscn from gr()ttnd survc.vs ]i)r sl_t'¢'Mlizt'd

!,ttrt_)xt's tl_)t ('t _nsidcr('d it,l!,_,rt, mt in the I aml._',t r,

t'Llss(/h athm. O/re bill rt'aso/I .tbr diffcrcnct's bt'-

tWt'¢'tl tilt" two /flaps is tht" coarse malwing "'rcsoht-

tiotl '" ,htot_tt'd .li_r tilt" I'I'&L mdl': 22. 0 dcrcs com-

t,,trc, t with 1.1 ,wa's ti_r Lamlsat. 17tt' d_tfcrences

.tls_ rtsttlt .t'r_m ,trhitrar.v cl,;ss st'h't'ti4_tt ,rod in-

tcmh.d use. 17tt. I'I'&L choict's tended to htmp

St )/?It" dil't'rs¢'/httltral]t'dtltrt's into a I_t'ttt'ral cittt'._l)F.v

dctcrmincd from ground inslwction: the Landsat

map is lllOrt" dll i/hlicath)tl O.f rt'al spt'¢tral classes

thai ,lls¢_ ¢'_rrcspothl to lath1 t'_)l'¢'r cldsst's.

='- I O: 17w industrial ,re'as (rcd) ,tl,l,car

somewhat underclassified all,Nor misclassqh'd

(la_e of Jh'e and gorertlment buihlittgs in central

llarrisburg are classed as ht¢hlstrhd; a group of

_'archottses south of tile airport are conshh'red"

ht'ar)" urban). The medhlm density tirban areas

(rh_h't) are too broad.a chlss - some areas west of

tilt' ¢'ity .,¢em to hare a buihling density similar to

h_,lt ¢h'nsit.v urban, but many are:is eren ]'tlrther

west (around Carlisle. l'a.), cohered riolet, art"

ahnost t'ertahd3" ntral a/td farndand.

Tile i'i'&L classification would certainly be

more ttst']itl if the urban areas were better sub-

,tirhh'd. That shouhi be all important category of

sltbt'lasses (sltbla3"ers) to a utilio" compan)'. Tile

I'l'& L barren land ttnit is possibly too indtJbzite or

tra/tsh'ttt to he called ollt as a stTarate stibla)'er.

Instt'ad. tilt" general stlblayt'r ]br agrictdture couhi

bt' rt'orgatti;t'd to inchhh" ma[or agricltltltral classes

such as ./'a/low/and.

.,4.'Y
_. ,-1 7." Assuming some qttalitatire eqltiralence

ill ac'cttrat')' befwet'tt the two tllapS. ()tit" is tempted

to choose tilt" Landsat clas._ificathm orer the PP&L

map. The Landsat that" is current for tile particular

ddtt" used itt tilt" chtss(t_cati, m. lhnverer, ii! this

in,_tancc, the e rtt'nsi|'c ,h'.t'olhttion in summer of

I 077 introduces a class that wouhl not be reh'rant

under most circumshmces to a hint-standing PP&L

,Ltta set: it would be mislc, hting to ttpdatc the PI'&I_

map with this ransient class.

..llthough most ttst'r._ u'ouhl normally faror a

dt'taih'd classi]h'ath_n (1.1 acre Landsat) lbr many

,tt_plications. too much _h'tail m_t;ht be confusing

.tbr St)lilt' l_ltrpost's. /'hits. lit i_lat't'mt'tlt of transmis-

sion lines, agricultural land is mtJ']_cient in tilt" des_-

nation o l" land ¢'ol'er; knowh'dge of ¢'rol,' lype and

status is ll()t m'h't'ant to tilt' decision. B)" coding

corer o'pe i/ta coarse t'e// size (23 acres), the

amount of computer t/me in a (;IS analysis will be

signiJh'antly redut't'd.

Activity 8

=S-I: Sccti, m _'OS- h',ltcr Qttalitv .llathtk'e-

mcnt t'lannin,_' was a fc,h'ral m,tn,late, and as retch

its mri,licti, m ttn't'rcd ,t// w,ttt'rsht'Ns ill tilt' ("/titt'd

Shttt'y. /lot iZtxf the dt'si)Dhlgt'd drt'as. Tilt" t'OtlCt'l_t

,q "Dcsicnatc,l Irc,ts'" W,L_ t_ hi_hli._'ht high risk

w,ltt'rs]lt'ds. . Is ,1 rt'sltlt, tht' stdtt' spoilt m_st _.( its

.h'dcral 20S tnonics on the des(k, natt'd aft'as, h'arhlg

litth' additional.titnds to cotnplete tile fl)b.

=S-2: The Sul,renle Court lh'eishm on 20S

m,lndated state re#tonsibilitr for water ,!ualiQ"

t,lamling in the "'tton,h's_t, nated areas. '" This placed
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apt unanticipated financial, managerial and athn#tis-

trativc workhmd on the state tlorernmellt. 7"0 cope

with this new task. n'ow required by law, most of

the water qualio" planttolg work was _hme by state

cottncils of gorerllment, or water qualio' platitl#lg

boards, or the local municipalities, llowever, much

of the state water qualit)' plannhig couhl oni)" be

doltc bl' the Department of l:)lrirovlmt'ntal Protcc-

tiotl.

#S-3: Soil eroshm-Ow#lg primaril.v to poor

agricultural practices coupled with unfarorabh"

weather, large atnouttts of topsoil, are lost each

.fear. Other cattses art' l,,rge-scah' consmwtion and

loss of ground corer due to forest or brush fires.

leaterborne sedinwnt can be obseta'ed directly by

Landsat. particularly in the near #lfrared bands.

..h'id rain-..llthough the atmo#_heric sulphur

coml,ounds that are respott$ible fi_r acht rain are

fiwmed A r a poittt source (usuall)" coal burnhlg

In)u'er plants), the rain itself can be seept as a notl-

l,oint polhttant. Landsat cannot see acht rain di-

rectly. The probability of detecting tire effects of

at'hi rain is also small, lh_wever, by h)oking at the

changes ill lake clarity orer sererai years, it may be

possible to see tilt, #ldirect effects of acht rain ill

extreme eases. Acid rain h_wers the ptl of water

and kills most of the firing or,anisllls, making the

water ch'arer as the lake dies.

..lgricultural chemh'als such as nitrogen attd

I,hosphoms-..ls a seeonthtry t'onst'qttcnce of soil

erosion, chemical fertilizers find their wa.v into

rivers and streams. 77wir effects can be viewed by

Landsat indirectly. ..Is fertilizers, nitrogen atld

ldtosphorrts promote the growth of algae, which can

be detected directly, ustlall)' in the near itl]'rared.

Ih,al 3' metals, mercury, lead. cadmium- -l'hese

rt'stdt from #tdustrial poUtttion b.t' direct ,!tttnp#tg.

,1 point source, or atmospheric pollution whh'h.

through rain. Aecomt's d /lOtlpOhl/sottrce..'Ill inter-

esting t,olhttant is cadmium, used in atttomobih"

tircs; as the tires wear ottt. tile ntbber is deposited

on roads dtld h(ehways. 17;is is el'entttally washed

,zway and finds its way into water supl,lies. Ih'avy

mt'tal t,olh_tants sehhmt kiil t,hmt life or animals

in mtfficit'nt plttltlbt'rs likt'l)" to be risibh' to Landsat

t'l't'll indirectly.

=_-1: IG, _nmt' that most nitrogcn arid phos-

phorus are ust'd as an agricultural fertilizer that finds

its wa.v htto rivers, lakes, and streams through the

process of soil erosioll. Pllosphonts is also an urban

waste used in ,letergents. Therefore. the ettent o.l"

agriculture and urban derelopment #_ a watershed

shouhl theoretically be directly related to the

screrity of the polhttion. .4 nndtiple regression

model can be dereh_ped to relate ,tissoh'ed nitro-

gctl or phosphortts to the total land area in urban

attd agrictdtural uses.

#S-5: Tilt" results of the l, ollution can be

detected #t,tirectly b.v looking at water clario" orer

tone. This is unreliable with Landsat because of

many mterrening factors such as spatial resolution

(the inability to see many streams): spectral resoht-

lion (the inability to separate polluted water fronl

shallow water), and so on. llowerer, use o]'Landsat

to determhle the extent o.( ,agriculture and urban

dcrehJpnlent is a good application of the technol-

ogy; it is mainly a Lerel 1 Land Use Classification.

_S-6: You might want to combine topogral,h-

ical #q'ormation to predict runoff rates from ,tit:

ferent land corers, giren a l,articular slope. Dis-

tances to water bo,ties eouhl be calculated if their

locations wer," known, also increasing tilt" model's

Sol,hist.,ation. Final(v. much o1" the l,Ollution can

find its way to water bodies through ground water

transport, so I,ercolathm rates attd distance to bed-

rock couht At" used to gauge this means of trans-

port.

_S-7." The entire state is bnaged during a

singh' orbit, with three consecutive Landsat franws.

Total imaging rime is less than 75 seconds north to

south.

_S-S: The ,m_dd requires #tlonnation about

the evtent of land in urban and agricultural uses-

all other land corers are irreh, rant. II'ith crops at

tire height ,V" their rigor, a single summer scene is

best. :I/so. extensire chmd corer is trot as freqltetlt

as in tire spring or fall.

--S-O: Certa#l agricultural crops, particularly

lbrage crops (chlver. sorghum, hay). may be con-

fused with fallow fiehls or low brrtsh. This could be

a serh)us probh,m. When fields support two ,'rops

in one season, prtTlaratfim for a seemed crop (plo,t_

ing) may be conJhsed with urban land. Shwe tire
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model use s the percentage of land in urban use phts

the percetitage of land in agtSculture, tile confusion

betweeli urban and agriculture does not matter.

#8-10: hz most ceses, tile anai.vsis by a trained

remote senshzg spe,.'ialist uses raw Landsat data

whenever possibh" and gcocorrection is done after

classification. Tltis method resamph's the data onl.v

after classificetion, a procedure man)" think is pre-

ferabh'. DC-t dechh'd to geocorrect aml therefore

resample the raw data prior to classification. The

reason was that many people who will be doing the

anal.vsis are not highly trained remote sens#ig

specialists bttt are intimately .tamiliar with what is

on the ground. By working from geo¢orrected raw

data, the)" can find their grotttld h_cations and can

choose trainblg sites more effectively.

=S-I I." ..t raw Landsat pivel is a rcctangle

56 m X 79 m #l size so that the ratio ofhei,-ht to

width is roughly the same as a line printer character

1,'10 in b.v 1 ,'S in. Also. ira character of that size is

used to represent onc pi.x'el, the resulting map ap-

proaches a scah' of 1.'24000. so m)t much resam-

plhlg has to be done.

_S-12." The U.S. GeohK_,ical Surl'ey 7.5

minute quadrangh" maps. state maps arm much

aerial photograph.v art' at that scale.

=S-13: (k'ntral Park in .Vcw York (Tty is

moMIv forest and open space but is classified as an

urban land use, a park'. A golf course and a sod

farm look s#nilar from theair, but one is urban

, recreathmal while the oth'er is_agricultural. Beaches

and sand quarries have tile same land cover-sand-

but dissimilar land uses.

,,5-14: Many tree species grow in consort

with one attother: foresters call this a species asso-

ciathm. On the east coast a common association is

oak a:ld hickory or oak and maple, ht the arid

southwest a common association is pinon pine and

/unitwr. Of course, the age of a stand of trees and

the devising of the stand should also be noted in

arty forest cover classification. Yottr strategy, then.

is to reeogni=e a class as an association, which gives

you some h_formation about t,qe species within it,

ct'en tholtgh the percentage of each catlnot be re-

liabl.v ea'timated.

_8-15: Unlike forest vegetation, salt marsh

vegctation usually occurs in pure stands. Tile O'pe

of :'egetation present depends on the amount of

water available to the plants. In a coastal area this

is ti_hdly influepced, hi many cases Landsat can be

used effectively to identi]:v indh'iduai species or

salt marsh vegetation because of its s#tgle species

nature, ht fact if a particular marsh grass is growitlg

at the limits of its environment (too much or too

litth' watt'r), its rigor will be aJ'fectt'd, lit some

cases Landsat has been used to look at a single

species and htentifv indications of high and low

vigor.

Activity 9

=9-1." (1) l'ignetting occurs itt #MirMt:,il

photos [darker toward edges):12) Distorthms o_ cur

toward edges: 13) Tht're art' seasonal d(fferences

(most mosaics cottsist of images taken weeks.

months, or eren .years apart)...lisa. (4) There are

atmospheric variations ]br di]fcrcnt photos: (5)

There art' diffcn'nt shadow directh)ns, (6)CIottds

an' erraticall.v distributed: (7) Flight lines ,nay be

mmparalh'l, attd (S) There are h(t'h costs for large

mosah's.

,'ultural/urban changes may be observed coherently:

(3) Agricultural practices and production trends

can be examozed over wide areas: (4) Land use pat-

terns cat! be seen hi synoptic uniO': (5) Widespread

l,Ollution effects art, evident: (6)Restrictions of

political boundaries art, orercome: (7)Frequent

repeat corerage is possible: and (8)Large area

mosaics are possibh,.

=0-3: Resohttion.

=t)-2: ( l ) Structural and geomorphic features

are st't'?l in regional context: (2) FJfccts of reghmal

=0-4: Meteorological conditions: oceano-

gr_q,hic phenomena.
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#9-5."( 1 ) 1:7oods can be monitored in progress;

(2) Damage fr.om volcanic eruptions can be assessed;

t3) Air polluthm ¢;ver large areas can be tracked;

(4) Soil moisture patterns attd chat_ges (do'ing)

may be noted,,'. (5) Ice morementsin oceans can be

observed: at|d (6)Oil spills can be monitored.

#9-6: Barren fiehls in the Pie_bnont attd

()mstal Plahts. The soils tend to display reddish

tones but the fihn response or(remphasizes this.

#q- 7: ( 1 ) Shifts in desert sands (,Vorth Africa):

[2) l:'ffects of a drought (Sahel). and 13)Annual

tttland /hmdittg (e,g., .\'Leer River htland delta).

#9-S. Ice lit the north polar regions shows a

brightness tempera,ure range from 195 to 230 ° K.

This is h(t, her than the open water temperatures

becattsc the emissirit.v e of ice is notably greater

than the e of water..Vote that the brightness

temperatures of both materials are below 0 ° C.

=9-9.' The spills may often extend for mato"

mih's and arc, thus difficult to docttmettt b;' aerial

pho tos. l'he/idl dispersal over thn e may be folio wed

through periodic satellite coverage, allowing some

prediction of Jitrther spread tremls so that advanced

warnin.es can aid in preparatiotts .tot blockage or

ch'an-ttp. Sttch art _bsetn'ational histoo" may serrc

as evidence itr cottrt wh_'n claims are filcd.

=9-10: l'his distortion is caused mainly by

the l_attoramic effect resulting from tire Earth's

cttrratttre (it may be considerabh' when a surface

evtending orer ten or mort, degrees of latitttde and

Ion,k, itttde B imaged) attd also the perspective effect

t'atlseJ by att,_qtlar displacements toward the edges

of the rich1 o1" view.

=q-I 1_ Clouds: the land is cooler.

=0"12: The water temperatures are 10 to 20 ° K

hi_her than temperatt_res on the United States

maitthtnd. Coolest water temperatrtres occttr along

tilt' c'oast. "1"c'mperatltres itlerease towards open

,uter in the _;uO'amt south ..I tlantie and southward

past Cuba. tvhich itself is about 10 ° K warmer than

I:h _rida.

=q-13: .Issuming that highcr c/,h)rol_hy/I a

means more plankton ( "qsh food"), the best fishing

seems to be off the west coast of Florida.

=9-14:

04:00h lO:OOn 13:00h 21:OOh

Rock/Soil d. gray L gray L gray m. gray

Vegetation I. gray m. gray d. gray m. gray

Water L gray d. gray black 1. gray

d = dark: m = medium: l = light.

=9-15: Fypically, around 2:00 p.m. (14:00 h)

and between 2:00 a.m. and just before dawn. The

best _mes to. fl)" are about one hour before dawtt

(this permits the plane to land in some daylight)

and in the early afternoon. Times around S:O0 a.m.

and 5:00 to 6:00 p.m. should be aroided, as

thermal contrasts are low. This is when the radiant

temperature of one material approaches that o]

another; when the relativel.r higher-lower tempera-

turex of two materials reverse, a thermal crossover

has occurred.

=9-10: Water: 06'.00 it: 10.'59 h: latM: 10:59

h: interior: OS:O0 h. llowever, the images were pro-

eessed to emphasize thermal differences in the

water while subduhtg the land response, so that

this set o.t'pictures is not typical .Von_tally the best

themnal contrast between !and amt water is around

1400 h (see Figure 9- 7).

=9-17: Tire high tide hnage shows morn

contrast, but marimunr contrast should have

occurred aroulut 14:20 h. llowerer, in the process-

ing of the hnages the thermal patterns ht the water

hare been printed darker in the ebb tide #nage at

the expense o.t'br(_htness and details on the land.

=9-18: Steam generator units: cooling towers.

=9-19: Waste hot water carried by a pipe

ttnder water to a near surface outlet .tier discharge.

=9-20: The operators of this power plant

were concerned dbout ambient temlwratures in the
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vichlity of the discharge, Regulations require that

the discharge-produced tetnperature rise does not

exceed ] _ C at a specified distance from the outlet.

Temperature monitors placed at several points hz

the river channel provide some indication of tem-

"perature distribution, but calibrated tht, rmal data

from aircraft fl(ehts integrate tile temperature

variations into a two-dimensional thermal map that

better corttplies with regrtlations.

Tile Delaware River is flowing downstream

from north to south (right to left ht the illustration).

Normally. the current flow wouhl carry discharge

downstream, but this may reverse _htril_g flood and

high tides generathlg some upstream flow. This tidal

influelwe would be greatest hz slack water..-it

]b)od tide. the warm di,charge is carried upstream

ill slack water, but this discharge doe_ enter into

the small bay behhtd the pohtt of laird, where some

possible ecological damage might occrtr. Just about

high tide. the discharge beghzs to move downstream

but is turned aside by wanhtg upstream tidal

_urrents, even as cooler water from the bay heads

past tile po#tt attd then downstream...1 t ebb thh'.

downstream movemelzt dominates, as both rirer

atld tidal c'torreltt flow southward. The seem#lglv

anomalozts ,tpstream flow durJlrg low tide results

from a tralzsitiootal corrdith_tz it! whk'h ertrrettts in

slack water near the shore carry tire discharge

against the prevailitzg downstream flow.

The interpretations presen:ed here clearly

show why remote sensing data must usually be

coupled with other killds of in/brmathm #1 onter

to ulzderstand arzomalous observathms

_9-_[. To compztte sttr]'acc brit, httaess tem-

peratttres, correctRms for the itlpttl from air tem-

peratures mztst be made. since the air is itrterposdd

between target attd sensors.

,r9-__. it is hard to tell without comparing

with a planimetrie photo or image, hut tire bent

street blocks in .4 arul the curvdd or rhombie fields

in B show erident distorthms, altho_,gh not as pro-

mmnced as in many other scanner images.

#9-23: Either ..t or D. but the light tones may

be influenced h... .'._hotopl_,ccssing. and perhaps also

by scan direction rersus Sun angle. Without calibra-

tion. this is a suby,'ctive /m(ement.

#9°24: On the right side. Look at the ridge

and nearby lake near the top of D. The bright

(warm) side of the ridge is away from the lake.

whereas the dark. shadowed side is next to the lake.

_9-25: Tire barren felds are warmer and thus

have a lighter tone. Evapotranspiration during day-

light cools leafy regetation so that most field crops

appear in darker tortes. This is reversed at night.

because heat is ejfectively radiated away from bare

soils while the plant canopy acts as an #zsulator.

#9-26: Many road materials (especially

asphalt) develop higher md&nt temperatures than

adjacent usrtally porous soils during the day.

,,lsphait. is particular, has a lower albedo and higher

emissivity than concrete or soils and thus experi-

ences greater heating by absorption (see curves B

arzd C of b_t, ure 9-10). Vegetation cover further

, edttces the radiant temperatures in the cottntry-

side. bringing about a larger thermal contrast to the

roads.

_9-27: Soil water, or eren water released

from shallow aquifers, will concentrate ahmg lower

shapes leading hzto a stream channel. The cooler

$oiI-waler .7olle wil, t appear darker, thus better de-

lineating a stream. Also, vegetation (with its cooling

e/'fee:O comtttottl.l" eottcetttrate_; ahmg streams.

=9-28: These reasons are erident: (lJ The

thermal sensitiriO" (NEAT) fi_r the thermal band 8

is about 1.5°C_ sereral thnes poorer than most air-

craft scalrn_'rs; [2) The 9.'30 a.m. thne of Landsat

overpass is trot )'el at the thermal contras; maxi-

mum; 13)Tile hlw resohttion (240 m) results ill

some smoothing oJ" temperature differences, arzd

(4) Tire #rtage has not been stretched or otherwise

enhanced by computer processhrg (see Figure

2-19B1.

=9-29.

Stahlless

Steel Basalt Soil Water

P = O.I^S 0.053 0.024 0.03S
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ORIG_,':_L ?..r,C-'_1:3

OF POOR QUALITY

Sample Calculation:

P = ([3 X lO'Z][1.2 X 10"_117.8 x I0°1) '_

= (281 X 10"4) v" = ]'6.8 X 10 -2

= O.168calcm "2 s -v, oC.J"

Soil should show the largest da.r-night temperature

changes.

#9-30: (a) Cooler (darker1 than soils during

the mMday heating: the orerall gray levels will

rtsttallj" be lighter for all common land featrtres

duriltg the daytime. (b) Basalt would appear warmer

(thus lighter-toned) than soil materials associated

with it, when viewed at mMnight.

These deductions must be tempered by .the

large differences in albedo for basalt and soil,

Basalts hare albedos around O. 1 and those of soils

tend to be about 0.2 to 0.4. This would raise basalt

temperatures relative to soil both at day a;td night.

The statements (a) attd (b) apply more aptly to

granite and sandy soils, as both o) those have

similar thermal inertias and albedos.

"9-31: .,ITI = t000 X 1.516 (1- 0.20) =

310- 280

1516 X O:S

3O
- 40.4

"9-32:

--9-33: Mainl.v #r the upper leftand left center

of the mep. The clottds appear :'err dark gray

(ahnost black) its t:_ettrc" 9-12. attd in colors ran(gig

from black through I_ttrplc " to hhte atnl then green.

=9-34: The central part of the Gulf Stream is

shown ill two shades o.f green. It is watTner than

surrounding waters because the Stream restdts

from tropically heated waters that flow northward

away from :t convergent zone where waters from

the western Atlantic meet those from the Gulf of

Mexico.

#9-35: These are a series of cities in North

Carolina and include Winston-Salem. Greensboro,

Durham, and Raleigh. They show up as orange

spots in Figure 9-13.

#9-36: These three targe metropoli, along

with Washington and Richmond. are urban heat

islands whose temperatures are several degrees

higher than surrounding rural areas. They appear as

lighter gray tones in Figure 9-12 and as prominent

white spots (warmest features) in Figure 9-13.

#9-3 7:

Day Night

Atlantic Ocean rery d. gray very I. gray

Susquehanna River very d. gray very I. gray

Baltimore/Philadelphia 1. gray 1. gray

Pine Barrens m. gray d. gray

B&e Mountain I. to m. gray l, gray

Valleys L gray d. gray

Dehnan'a m. gray m. ,era)"

d = dark; m = medium; I = light.,

#9-38: The clouds.

#9-39: Dark gray (cool) in day image; light

gray (warm) at night.

#9-40. The cities are warmer titan the ntral

areas during the day, and warmer again at night,

because much of the heat is derived #_ternaily attd

surficially from activities of the inhabitants.

#9-41: Day: Most of the valleys & which coal

re&hag is or was actire appear hr light gray tones.

,Vight: Much of the same area now shows as

rery dark gray, ahnost blackish..Vote that other

areas in the Appalachia:ts are similarly dark (for

other reasons).

,..9-4_. This is an excellent examt_le of the

blackbody effect. Tire veo" dark ground surface
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(both from coal wastes and fro.n dark shales)

absorbs more thetTnal energy from the Sun and re-

radiates this outwar,1 durillg the day. The heat" is

readily lost at night, resulting in cooler surfaces.

hi the ..1TI ]brmula. the high (1 - a) ._enn would

keep the numerator large [:u: the large AT wouhl

also increase the denominator, so that a low to

moderate ..I 7"! wouhl result..1 low vahte of k and

relatively low p would offset a somewhat higher

vahte of C. and so agahl tile thermal htertia P shotthl

be on the low side.

_q-43: The thermal inertia behavior oJ'vegeta-

tion is not well kttown. ..t vegetated surface will

receive thermal ¢ontributions from the vegetation

itself as well as from underlying rock a_Id soil and

surJbcc water therc#l. TItc ..t T1for sttch a comph'x

surface is :trobahly higher than that for soil ah_ne,

sttggest#tg that t" is h_her /or t'egetation thatt for

soil bt the land south of ..tlbermarle Sound. tire

ch'aring oj'lbrest corer exposes dark soils with h_w

thermal inertia. Such materials experience greater

day-n(eht thermal :lifferences than tlre fi_rests and

grasslands.

=0-44." These rhlgcs are hzrgely forest-covered.

hi the daytime, the fi_rc.sts shouht be cooh'r

(darker) because Of tile cooling eft'eels of" evapo-

transportatio_l. .-It n_'ht, tile #lsulating eft'eel oJ

the/bliage keeps tire hca'_'il.v vegetated ridges warm

(IL_'ht). w/tile the' h_wer va:lo's are relatively cooler

becat:st" of tile shlk#tg of cob1 air. Tiw south-fachsg

sh_pc's will he itlore dirc'ctl.l' hc'ated chtrinb" tire day

thatl ttortit-J'acillg ollc's. Thtts. these soufherll slopc'z

might be expected to appear evetl warmer.

=9-45: 171e same arguments as developed in

_9-43 apltl.v here. _]lt' valh'vs art' h'ss heavily vege-

tated, with a h_ehcr proportion of exposed _oils.

=O-4t_: The' l_ehter tonc,_ near shore suegest

warmc'r water. Otte or more factors ttlav #lterpla.l'.

more nearshore turbulence und upward convection.

kt'epin_ tire teml_eratures more uniJ'onn and higil,

more imlmritics (e.g., silt): sttrface turnoff of warmer

water from the land: inyhtx oJ'ground water ¢tem-

peratures ma.l" he lower). The sharp bottttdarv be-

twet'n tilt" two gra.v h'vels it1 ttte lake ilia.l" coht¢ic!e

with the therma! barrier between two unmix'ed

bodies of water of d_tfering deltsit)'.

#9-47: The clouds appear dark (low AT) in

the AT if,age. Clouds shouM not vao math in

, temperature within the atmosphere ;egardless of

time of day. Sittce these clouds have lower temper-

atures than most features on ;he land, they will

show only small AT vahtes. Tire clouds a,e also

cooler than tire s,trface below it_ the night image.

But. when the night temperatures of the cloud

pLxel are subtracted from the day temperatures of

the land underneath {assuming no cloud cover over

those areas, as is the case here), the AT is larger.

attd the clouds ale expressed in somewhat lighter

gray tones. The fr#zging_areas, along the ridges are
relatively warmer than their .ntrroundings #I the

night thermal IR image and relatively cooler in tile

day IR #nage. llowever, the absohtte radiant tem-

peratures of these fringes are likely to be higher in

the da.v. The AT is therefore small but positive.

This same argument holds for the ocean attd estua-

rine waters (as well as for rivers and lakes), as has

been explahted #z some detail on p. 351. While

there is some drop #t water tcmperatu.'e from mid-

afternoon to dawn. tire change can be moderately

to quite small and. conversely, the ri_e ht tempera-

turc d, tr#:g the day also does not keep pace with

"ither air or thermometer temperatures (which

accounts Jbr the feeling of warmth in a swimmhlg

pool relative to cool night air but a feeling of chill

i:l that pool on a sunny mornitlg after a cold front

has passed).

#O-d& (a) bt HCIIM llarrisburg B difficult to

spot as a city it" its !ocatiott were trot kttowtt (its

dark tortes abut -gainst the dark river), but Lancaster

stattds out dark aga#tst a light-toned background it_

both ItC.ILll and Landsat; (b) Ttle linear grah_ so

evident in Landsat is obscured #l HCMM exc,,pt for

a few long linear features of utlknown nature:

(c) hi both #nage o'pes, the ma]or jblds are readi!y

disthlgntishable agai:ist a lighter-toned background

{ralh'vs). Although HC3LII hnages lack lbte detail.

th¢9' hare enough resohttion to adequately display

regional structures of this magnitude: (d) Larger

tributaries are risible if one knows where to look.

Tile Jutliata River is evhlent north o]" ltarrisburg,

bu; tile smaller Conodoqltinet Creek to the west is

not.

_'9_49: These dark areas co#wide wi.th dist#tct

whitish areas in the bay J "iS image. They are ahnost
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t'crtaitli.r ehte to sllow-eoreretl grothld: ttlllt'h t't;oh, r

stlow, i]" thick Ctlollgh. shows up as a _'owcr [t'llll_t'r-

ature signature relatire to tile background. Tilt'

thtrk gruy toncs lm_hahl3 ' rcl,'est'tlt lower grotlnd

temperatttres in the ..[llpalachian ttlda:td.¢ rehttire

to war/tier sllrfaces hi the l'iedtnont and Coastal

Plaitls owillg to stlow arid/or hncer tlear-sl!rjilt't"

tt'mlWralures at tilt" higher elt'l'atiolls.

#q-50: ]'ittsburgh is represcntcd hr screral

small lighter-toned patches at the ctm]hwnce of the

..llh'ght'n3'. :llonongahcht. and Oilio Rirers. The

htrgcr gray patch sereral huadrcd kilometers to the

wt.st is ('ohl_tlbtts. Ohio. The two distinct light gray

tones #1 the 11ahinlore area t'orresl_Olld clost'l.t" to

the patterns o]" warmer stlr]itt'es ohscrred with

Landsat Band S. The wt'slerl! patch is thc city

proper, whih' tilt' smalh'r eastern patch corresllonds

to an imhlstrial zone (mostly stccl ,tills) around

Sparrows Point.

._0-51: The eridence is htcking. Snowfall had

not .ret hi, conic general in carly Noretnht'r. The

I_lack patches correxl_ond to attire coal nlining

districts (anthracite in eastertt Ik'mt.u'h'ania." bitttmi-

/lOllS ill ll't'3"tt'r/t I_t'/l//._l'h'a/lia alld I1'. l'irgDlia)and

I_restt/nahl.I ' resttlt from wastt' and strip milthlg

e.ffccts.

The rolling tell_t_eraf,ltv or" the Pit'dmtmt. in

c_mtntst to the flatter Coastal Phtins. is rerealed by

rariations in gnty tones resulting ]'rmn diffcrettthll

hcating of Sun-Jitcing and more shcltered Itillsh_lwS.

_q-5 2: .I ntlnlhcr of chmgatc, gt'nt'rall.l"

straik, ht thtrk thist littt's c.vtt'ttd .for distattct's tip to

abottt rio km #t the I_h.rsiogral_hical rt'gb_ns ot't'tt-

I,icd I,.v the I'lateau und the (_ttskills. These arc

ch'arl.v the hlt'i of strt'ant drainage. Soil water and

high water tahh', dssot'htted rt'gt'tathln, and .;Iolw

sht'ltcring I,rol_ably account for the cooler temlwr-

aturt's in tilt' ralleys trart'rscd h.r the streams. Many

of the straight strcattl t'tmrses art" cotltrolh'd hi'

fintlt zones. This is confirmed hi' fiehl sttldies #1 a

sintilar topographh'al region- the ..1dirondack

.lhmntdins to the north (top of #nage). whcre fault

lines and joints strongl.r influcttct" major drainage.

=0-53: Most of the smalh'r whitish pattcrns

arc dssociatcd with cities and large towns.

l)llila,h'qdtia. .Vow Y,_rk. Btil)'il!,;. R_cltcstcr. _ml

Syracuse are readily picked out. llarrisburg,

Lebanon. ,.llh, ntown-Bethh, hem, Altoona. Erie,

Bhtghanlton. Elmira. ant] Utica art" among the

sntalh'r metropolitan areas that stand out in

contrast to darker surroumling tones. The h'nlicu-

lar light pattern southwesr of Scratttott. dark in the

Day-VIS. once again correlates with the anthracite

belt. The cliff rise light tones both east and west o]"

South Mountain-Catoctitl Mountahl art" not readily

exldained. Another area of light pattents ahmg tile

h'ft mar_in of Figure 9-19B is probably correlated

with iltthlstrial sites and higher pol,ulation densiO"

lust east of l'ittsbtlrgh.

#9-54: Rather suprisingly, tto.t to,_ well. ai-

thotlgh the otttlines of Ilarrisb,.tC4 and the towtts

across the rirer art" discernible as lighter tones (but

not lighter than sonic areas #l the nlountains).

There is no obriolts explanation fi_r this. excel,t

the smaller si:e o]" llarrisbttrg, the scarcio" of hear.v

industry, and its openness in a rirer ralh'y, with

cooling night wolds, might accoutlt filr the thermal

di]'fereMces #t comparison with Philadelphia arid

other urbatt heat i:land cith,s.

#9-55: The northern end of the &ruth

Mountain-a topographical high. This is hearil.v

forested terrain; the trees serre as a themlai htsu-

httor ( l_htpt kt't ).

#q-56: There are sereral patches of darker

gray squares near the right side olD. These seenl to

lit" in ralh'i's attd probably represent coal waste.

#9-5 7."..Is stated on p. 369. most of the rtJh'c-

ted pulses hare tile sante polarization us the irans-

nlitted pttiscs, so that the energy rt'presentt'd ill the

returned signal is greater for the like po_rization

mode.

#9-5S: The resohttion is difficldt t'._ ascerm#l

except in a qualitatire way. IIowerer. hldiridttai

httildings arid secotldar.r roads may be tlistitlgltislleeL

Since these art' typically of the order of 10-15 nt

¢35-50 ]'t). a resohtth)n of ca. 1._ m is a n'asonabh"

estimate.

#_.50: The look direction is h'ft to right or

west to east. This is indicated by tilt. somewhat

- (_t,_,l_t'i iotlt'3) t_]" /lit" /hl/lt'lWt_M
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uu,I s+mlhwcst slolwS of tilt' .lhl, lcd rid¢cs an,i h.l"

tilt" im,tgc COml,rtssitm ill lilt' tit',It raugc dirt'cliotl.

._q-tlO." ('Onlllarcd with raddr images of more

ruggcd t,q,,,gr,;llh.i '. this im_tgt" dot's Plot ._'how

iIronom';ct',l I,o'o)'cr or sh,l,h>wht.k' c]]icts. /.,,wcr

,hT,rcssi, in ,mgl.'s ,m,I/,,r h,wcr ]light ,dtitu,h's

in,'rcusc sh,ld, m" h'ngths, l'hosc s,unc ,',mditi, ms

IIhlV <lr Ill,l)' Ilol I,ro,htcc strongt'r hl.vc)rt'r. ,h7,cnd-

ing on tilt' oricnt,ltion o.f fitcing shlpcs rchttirc to

tht' .t',trt'f/'otl! t'ttrrtltlU'd <_f tilt' iltt'omi/l.t,, ( tr_ulsmit-

tcd) radar I_IIISt'S.

::_).t,l: l'hcrc i., co,q,rcssion ill the Ilt',tr shult

r,lng_'. ()tht'r ,_t'otnctrh'al distorlions iicrsist

throttgitout thc iulagC &4t ,trc not iuuncdkttclv

,li>l'i_ll._ lllllil h,calit.v-hv-h_cdlity t'+Itlllldl'is<ItlS drt'

mdth" with ,till, lnimctric mdll or photo. I.'.v,unine

the I .N. \'Ur.l" wurchot_sc.tltcilitv h'htstcr ,ff l,,tr, dh'l.

ch _ll.t_,ttt'd Imihlings iust south o.f the ()OIo,togltindt

( )'cci_ ) ill thc d,'rhtl pit. ito (l"_urc 7-141 ,m,l hi the

IIII nt,l, lr image. 171c mmdrc Ilaltcrn <_.l"this .litctlitv

has I,ccn ,listortcd to ,t rhoml_ ill tilt" rad, tr hnd.gC.

I:'rrdliC distortions J'rom aircru.ft mothms urc nlOli-

mdl in this illhlgt'. Some si, h'-hdw I,dlhlill.tL ,I light

a,,I ,l,u'h set _).l'l,,tnds Ilmitlh'l h_ the flight direction

c',tltscd Ill" pcriodic s(t'n,tl r,'t'lt.l+_rccmt'llt .from

st't'<_tlddry pldscx, is t'ridcnt ill tilt" IIt'_lr hlll.t_e, t'511t'-

(hiNt lit t]tt" It'| lllld, t,'t'.

._O-tl_'." I'hc l,,tllt'rll ddS d distinct "gr,ti'mt.'ss'"

ISnhdl. m_J;tl,'d 1&hi ,rod d, tr/_ .q,c,'Lv) resulting

.D'om DIt¢'rd,'lil,II _ff" tilt" O.Stl t Ill wtlrt'h'lltlth Ill'dill

wl'th Ill,' thit'k .t,_)rt'st ('dllOlly (h'_ll','s dlld lwi._S)

dlotlg the ridges.

=_-0.;. 17to II1" im,t._c L¥ ,h;r_c'r orcrull than

the till im,t.ec. ,tnd tonal c, mtrast ts h'ss.

:t)-t,4." I.'c,ttltrc bl' ?'Cdlllrt' lilt" tOthtl tldltt'nlS

ill lit _th Illl,tnd Ill" imugt's ,Jrc simihtr in this trudge

I),lrk lh'hls (crops) ,ire d, tr/_ ill both ,tnd I&ht art"

light ('_mtrast i._ h's:; ill tilt" Ill" imdgt', b,.lt whctht'r

thL_" represents d distitlct x_natltrt" dt]'Jt'rcnce is trot

]_II+_W_I. Ill tilt" It1" image, buildings in tilt' I,uilt-I,l_

,ll',',t._ <if" smdll loW_rx show distinctly .ti'wcr II<mlt ,_r

_'+_rncr i'cfh'clions. ]lttt ._t'rt'ru/ n_dds ,lrt" m_lrt"

_h,lrl,lv dislll, l vcd.

::q-a.¢: Sloi'c l_ri._htnc._:; d;hl _,;.:', :v,'r f_;r.'-

._h_rtt'llill_ tm'_W tl'd right ,it c, lst side ,_t ri,lt_t's.
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iudicuting a look dircction to lilt" west.

#q-06: I:'hmgate shathlwhlg, whh'h tends to

emphasize rclie.tl is not dt'rehlped in tilt' images

Ilt'C, lltSt" o]" tilt' high depression angh's of the SAR.

+¢q-o 7: lilt' hright I_unds caused by hty,n'cr

st'rl't' (in till ,ltl,llc)tlOllS Wt/.l" to shadc)wOlgl to

iml,rore thc exprcssi+m of rclhJ" hv hlcreasi;Ig

COlllrasL TIiost' ridt.,t's orit'nlt'd _1I high allgh's Io tilt'

h>ok directhm (1"."_ I1') art' the tndilt I_t'nclh'iarics

of this efJi'ct.

#o-aS: Sin,Ill ol,sc,lucnt (shqw-fid!owing)

stri'ilms ,Irt" t'mllhitsi.Tt'd I,.l" the la)'ort'r ittld Shll;e

_tspt't't t'f]'cct._. "]'hi're st't'ms to be sonlt' angllldr dis-

lorlioll bl lilt' patlt'rlls ]ilrmt'd b.t" tht'sc $11"l'(llll$

_illct" man)' art' arrttllgt'd ill slanted posithms ahmg

th," shapes mthcr thuu dt right uugh's t]blhm'#tg

Ithtxinltun shlllc illclinatioll) tO lht' err'sis.

:tt_-Oq: I:'vctTt .lbr lit." laym'cr t:f./i'ct, distof

ti_ms ill the Scasdt S..I R im_igt's St'fill tO lw h'ss than

ill t.17_h'ul ra,htr #uugt's. l'h<" stahilit.r of the satellite

Illat.l<lrm (no prtmounct'd pitch, l'aW or rollI and

tilt' high _h'pression ungh's account ]hr this. Ihm'-

ever. comparison of ccrtdin fcatltrt,s (t'.g.. isl_tttds hi

tilt" rircr) ill I"igurt" q-22 with tilt' hnv altitltch"

I,hoto in I.'i.t_tut' ?-14 m,i'tt'dtCS ._omt" "'hroudcning ""

of dinlt'nsfims Ilantlh.I to the h_,oi_ directum.

_.q- 71l: llarrlsllurg corot,tins nlutlt'rcnts Sn,lll

Imihlings with co,'ncr rt:th'ctors that scnd strong

.s_k'n,II rt'lttrn._ to tilt A'. IR. I-'rt'n at lilt' rcsohttioll

,tchicrcd I1.1" ,ligit,d processing, tilt' chtstcring of

Iluihlhlgs pr+,duccs ,t ._turation or chtttcr whh'h

llrercllts hldi:'idltul structltres .t'rolll hchtg rcsoh'cd.

.V, tc in I"_un' 0-.'2 that some isohltcd Imihthlgs

Olttshh, the ct'ntr, tl city stattd out as discrete

"'/frills. '" usltall)" with dist+lrtcd shapes.

gO- 71: l'he ,,ricut, lti, m ,It the mujor streets

shifts more to the n,_rtht'ast. This has the effect ,ff

rohtthI,g ,lit,; :lli,k,ning I,Itihlings ,thing the strccts

ill/,, ,t ,lfffcrcnt gt'n,'ral I,ositi, m. l hc contril, uti, nl

from corm'r rtJh'cti+uls prcsunlal, ly tlimiui._llcs.

=u. 72 .It first gl, ul,'e you m(ght bc tCml,tcd

to c,,rrt'latr these rt'._t+Llrh" sll,tccd lillt's with tht'

_',,ot .ml,l,_,rl._ ¢_,t i_otit .wdcs +_.t t',l,'ll +Ir('ll ,ff tilt"

Intcr.stutc .;3 t,ridgc ,Ind pdrdlh'l bridges. Ilowcl'Cl.
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thor," ,Jrc tilt )rc lh,m -10 sttt'h _14pl)( )rls t _l! lilt' rtlilrt _.Jtl

I_rid.:c sccn m I"i.¢urc 1_-I1) and h'._s than ?0 ,l, zr_

lines in lilt" md, tr im,L_c, htspcction ,'y the acri,:l

ph,_h_ m t.i,_urc "-[q rcvcals ,a smltLar ntmlbcr o.I"

(ff_/,'Cls with the ._,zm¢ sp,lcim: m lilt' scv_'l_al bridgcs

it, t.lhH _'r_,tq,. I'hcsc ,q-',',zr h_ Iw IL_ht ShlII_AIhls

.tier ;/, r:,,t,I I,rt, tgcs ,tn, I i,ou'cr lira" shznchions fi_r

the r, lll imc I_l i,'.','s

-"_- "3 I¢,md._ I. 2. ,m,i .;.

=q- "-I ,,_00 m: 0241 m: ,_r O. 144. ll'ht'n c, tl-

ctd, ztc, t m ,torts. tilt rt'slHts are. Ill .¢...'5 ft,m X

30 /tr - ,)'.._ .li: ¢C1 (O_.._) " - 04 "._ s,l fl, (.¢1 047._

sq )'_' 4.?._t_0 sq v,, I,cr ,h'rc : O.__]S ,tcrt's or 0.21S

,lt'l't'S _..l ht'ct, lrc'% I,cr ,crc ¢).OOl) hcchlrcs.

=o.-._ 25 k 0000 _ 2.25 hcct,zrcs.

=o.'t, 171c ,lu,mlJtl' of ,1,1h_ rt'tttrncd from

the I_11 will lit" m:tch grt'tttt'r lh,ztt .f_r tht" .IINS ill

tht" t',zrlicr l.,mds, tts. ..Is t'_t!t'ttl_ttcd oil I'. 4"3. thcrt'

,trc ". "(_.I. 1 20 (/tot c.x,a't) ;,i.x¢is b,md ill ,z I.,mdsat

.IISS h,agt'. I'hcrc will Iw ,qqm)xim,att'i.v olO7 X

¢_.¢20 or 3S.075.440 i_ivcls/hand fi_r 7".I/, This is

abcutt 5 titn(w :tlorc. l:'_zch !:11 pi.vel will n'pn'st'ttt

,t r,t, thmtt'tric (D.V) ntngt' o1" 2 _. (_ompar,d with

2" .tilr lilt' .ITS.;. Tht' ,htta mt,s transttlittt'd to

rt'|'civing stati, ms dr," 15 ath/S._ mcgal)its/s Ii)r MSS

,znd 1_11 n'.Wcctil'¢ly. ..Ill tht'st" nttmbcrs imply

ttOih't'dhh' mcrcascs hi ddhl hdtt¢Jlitlg dtld l_tt)Ct'$$ -

ittg rt'qttirt'mt'tlls.

#0. 77." ..I mong many ,qqllicati_ ms that sh_mhl

bt" itnt_rol't'd tttld I_ct'omt" mort' t'fft'('til't" btTatl$c O.f"

l'.ll ,trt" tht'._t' typh',zl t'._'amph's: Ih'ttt'r hh'nti]h'a-

lion of tl_lfcrt'vtt crop typt's; Better t'Mit,t,ltt's of

crop yichlx (sm,dh'r richly" can Iw cx,mlin,d): Better

,tss_'_'mt'nl ,_.f fi_rcst clt'_zr_'utting ,tnd rt'plantittg.

Improvcd dr',cotton of .hndts and alt¢'rath,I l/h/_b

I,'lx ,tssot'iatcd with orc bodies: 5ln,dlcr bodit's o.f

w_zh'r d¢tt't'halqt' ill stot'k l_Ottd inl't'tttorh'._; .l/or,"

prc_'L_t" m, lpldn.q of wt'tldnds ,1rid lht'ir I||;Itndarh'sl

.lit _rt" d('cttr, th" sc.lhtr_lliOtl t i]" ttrl_tttt .f'l'ittgt" Cdh'gori¢'x;

and Mort" I.t'vt'l II l,vtd use chasst's hh'ntilhtbh'.

Appendix C

l L/ /'hi' /_t'llit_tt iS tlt)rth-ct'ttlr_zl ..Irizothl

,Irt_ttttd I'l,t.t'shl.f.f. I _h'_lttlt" t'ottt's ,tltd.flows (q't'ttr

vlt',ar /-.' ,m,l I_uttc-lil_c I'_)h',;ttic l_ipcs m'ar 1"-2. l'ht'

light _l,,,t ,zt i _ o ts .Ih't¢_w ("rah'r. ,tit ltnpact-gc/lcr-

,Hc, I ,hT,rc._si,,l IILt'hway oh I,aSscs to its north.

1.7,tt'xt, tf tl _lt, ,_'vt ,ix ,t ,I, trl_ gr, t v-l,h,' ch _vt.k',ttc p,tttcrtl

nc, tr II-t,. h_)_s l, zrgt" ,'_/t)ttgh to hot,st' ._l).OI)O

pt'(_ph" (I,ttt w_'Mt'r_! tow,is sprt'tht _)t_;). 1"lit" d, lrl_

rt'_l t_ttcs /tt',trt_v Mttl_It'sl t'l't't.tlrt'('tIs (t'()ltiJi'rs. i:l

l_zct) 17tc rc,l,h'r hilt,' of rct2t't, tlt_tt drotllhl 1"17

itt,lh;ttt'x ,z ]t_t_ht'r pn q,,,rt,_tt _f ,h'chltt(_tts trt'cs

(t),z£._ arc ,'t)tmm )It. [)ttrtit'lll, lr[v .f£tlttt 1"- 1 7 St lit'h"

_t,zr, il I,zrmilttl Is t'l'idt'/tl dr¢_lzt/,I !:i2 ,zttd lilt"

tlt',trbt rlvt'r: ]hZV dttd ()lht'r t'_tlth' .ft't',l prod,,,'Is ,art'

Ih_" li]_'lv crt _l,s. l)<'s<'rt .___ils ,;ttd .v,Itt,J$ ,tb_ Ill,h1 ill

tit," vt,_rtht'dst ,tu,hlr, tttt. I'hct" art" t.Vl,t_',zllv rt',hlish

ill /hztur, zl _',_l, ,r. F- I t; lit's ,zh ,t_ ,z [ight t_,hl (m_,n,,-

clincl _tttlt ._,)tltt" td141IftltL \,,It' (),t]_ ( "rt't']_ ( "dttv(in

I11._1 l_) lilt" tqlSl.

( "-_." [Yl,' _t'c/tt" I._" h _t',ttc,t Ill /t_)rtltt'rtt

( ",tit h ,rnht. I1-') lic._ ill the' ]lt',t/'l _)l rttggt'd/tit )lllthllll.t

/ttdhilt),," .'lI' lilt' (",',Z.,t N,m.¢'" I'-" ,th,n.¢ thcJt, m_ _.l"

this rtltt._t', mdr_s rocks ,trrattgcd in more ordcrly

t'h_ltg, ttt" .fi)hls. 1"hi" &ztt ..|ttdrt'ds l",mlt nots ahmg

.Ib21) It) (k I I ,tlltt /hi'It 11'155t'$ out to Stkl at Bodt'ga

B,av. it ix cw,rt'sst'ci ,ts d lincar ralh'v in pldt't's. .It

1"3 is II,zrvsrilh' Buth', ,m t'n_hal _',._h'ano. l'hc"

,I, tr( I,,ttcht'x ,It 1-14 ,trill t'lst'wht'rc art" .fiwt'st fire
scars. I',trt!v r, vcgt't,ztt'd, l'c O" dark ,lrt'as at .\'-I 7

,rod otht'r hw,zth,/s ttcar tilt" Sun l'_zl, h) Bay ,art"

Wdh't-illttltd_ilt'd wt'lhllldS. 1"tic filrtl'_:lltdS ill lilt"

.Yn'ramcnto I',zlh'y arc ,h_mitnHcd b v lat_'Jh.lds in

whh'h st,'h c, tsh crops ,IS ._'_tgar bt't'fs, tomatot's.

batS'v, ri¢¢. ,lltd cotton ,It," gr()wtl, l'ht" rt'gion

,in rand ( )- 15 is tlt_" .\',q_a 1"aih'v. h()mt' of sonlt" _).t"

lht" .lbl,'st ( "aliti)rnh_ winc& 1"hi' h_rg_' mt'tropoBhln

,zrt',z ,troll,hi 1"22 ( cltlhlitt$ ._OtttC o.f the _'a$t Ild,:"

cith'._ .Ih'r£ch'v. Ri,..'hmond. San l_thh)-north of
( ),:_hOhL

('-3: L¢ttcr .t rt'ft'r_ to lilt" I)rt'gc)tt ('odst

r,zn.¢t's, co,'crt',l with ,i vnLv o.l" dt'('i,h.)tts atttl t'vcr-

t/r(',':! .f;)rt'sls; I¢ is tilt" I$'illdmt'ltt" |'dlh'.l". d ldt_t"

,zgr:t'ullttr, tl rt'gh)tl; (" tttdrl_s lilt" ('dSt'ddt'S. t'Xh'tl-

swch" ('ol't'rt'd by con(¢i'rs; D tics ttt',zr tht" west cdgt"
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of the (;real Desert. sparsely covered by sage and

other arhl climate vegetation; E lies between Mount

St. lh'h'ns oft the west attd Mot, n, ..Idams; F js next

to Mount llood: (, is adjacent to ('rater Lake (Old

,llounl Ms:sinai-all actire/ch_rmant or extinct vol-

canal's manth'd hy snow. Ii is the volcanic .Vew-

berry cahh,ra, a large collapsed voh'anh: comph'v

now heavily forested...[rou_td I, extensive thtlh, r

ch'areutting is tt,king place, its pnlgress, and relbr-

e_'tathm, are casil.:' monitored from Landsat. J de-

notes reghms oj" extensive wheat fanning ill tile

Pahmsse country south of the ())htmhia and Snake

Rivers. Lakes in varyhtg oh'crees o frill an' scattered

orer much of the (;real Desert of t't'ntral and

east Oregon. a re.giotl o]'low nlitq'all. Some of these

lakes are semi-dry and are approaching a pho'a

cxmdithht as the heat of summer ettsllt'£

('-4: This is tilt' Wrangell Mountains region of

southeastern ..Ihtskd. Vile areas arototd K-12 aml

F- 13 are $llow-_'ol'erecl molttltaJltolts terrain, where-

as eh_14ds ,over the ('-10 area (also stlow-coated).

(;la¢iers abound at I-lq. K-14 and elsewht'rc. Tilt'

clark stm'aks am' sllr/_it't" moreines. Silt and ex tt'nsi3'_"

watt'r sprt'ad ol'¢r brahh'd strt'ams ill valle)'s at R-S

and R-IN...I t Q-14 volt wt_:thl be "lit it mOtlllhlOl

ridge hloking ittto :i stt'¢p-walh'd valh'.v, but at Q-7

.volt are hi hlw rollillg terrain. Tile bh;ish tt'rraitl at

Q-14 is bare nwk coated wilh SIIOW ill plates. lilt"

rechlish terrain is marshy and tit,tara terrain, heal'Jl.v

regehlted #t _ummer with grasses and hn_" bush.

The ovoid hakt.s arc glacial ill origill, most bt'itlg

ketth' htkes in outwash dcv,_sits.

('-5: 77,is region is tilt' east-central coast of

(;rt'etllatld arid tilt" ¢;reetlhuld Sea. The image was

aequirt'd hi earl3' fall of 1q72 when the SlOl was

oil/)' N° ,:Dol'e the hori:otl at this httitude. The I, nv

Stln angh', and resulting large sha_hlws, stnmgly

emphasi:es tilt' n'lief Fhe ratlge of molultaJlls

around it-20 casts shadows into the h'¢-col't'red

marine embat'ment to the north (at sea h'vt'l). "lilt'

hirer'st .#hhlow is about 0.5 km in h'llgth (scah" it:

the 1 7 i'm ttp.,h_wn d#ttt'tlSlOtl Of tilt" image m71m'-

st'ills l S5 _lll till lilt' grtmn,l). 17w height a of the

hight'st mountain casting that shadow is a,b = hzn O.

wht're 0 is the St4tl t'h'ration ,mgh'. or ,_ = t_ _ ×

tan S ° = t_.5 × O. 1405 = O. _ I k m or abtmt 3000 ft.

..I ghl¢it'r extetlds westward from ('-20 dtZd ,'liters a

marine embayment to tilt' cast. which is dhttost eer-

tainh" a fiord. Numerous ice flows. ,lany 10-30 km

ill tnax'hnum d#!leilsion, cover much oJ" tile Sea.

Sotlt{" Jlows art" probably multi-year ice slabs

(J'ormed hl prel'hlus )'ears. then breaks oJ'y: and re-

free:es), but first-.year h'e is forming ill opetl waters

near shore, especiah'y within the northernmost em-

ha.vmenL 7he Lan:lsats can eJ_'¢til'ei)" monitor this

sea i¢e on a Contitllt#lg basis to proride hlrahtable

inJi_rnlathm n'ganlhlg ha:ards (icebergs: ice-h_cked

an'as) for any sllippuL¢ #t the n'gion.

C-6: Tilt' hnage ,overs northeastern ih)lland

_utd West (;ernlanv. west of the Jutland i_ellhlSUla.

l'he East l"rLsian Islands are essentially offshore bars

proeh4ced ILv dtT_ositiotl off a shoreline of emergetlce.

l'hese barrier islands have been breached and modi-

fied l_.v thlal and nt'arshon" i'ttrrents. The clark bhtish

am'a betweetl tilt' mahlland and tilt" i.qands is a st'rh's

of tidal lhlts ad_mt'rged at this t#ne hz rt,r)" shallow

watt'r. .'[ItlOtlll tlla/OT fOWIIS I'isihh' hi the scelle are

Gr, ningen (..I-14). Wiltleh_lshaven ¢K-7L Bremer-

hatch(N-o). Bremen ( Q- I I ). and Ohh'nburg. Bremen

alia llremc'rIlal'ell arc' {lit lilt' east hank of lilt' Weser

Rirer. ..I ._mall st'gmt.nt of tht" Elbe appears in the

Uplwr r(k,h t hand cornt'r. Most of the linear ]'eatun's

ar,' tttall-lHtldt' c'tltlals ttsed .¢'¢_r trtltlsporttitJtlH.

irr(t',ttion. ,m,t flood control, ht one an'a the honh'r

nots west at" lilt' Ehns Rirer and seemht_ly tobit'ides

with a stnttght IIortherlv loll' (G-! 71 defined h va

Iollal t'Olltrast. ['he hltld stir.fate Ill the west appears

I,lackish- the si.k'natttm' n'semhh's that of stand#re

watt'r bttt ttlav it,stead represetlt dark ork, ani¢ soils.

Most of the regiotl i.s ,_Jl't'tl to dairr ]'_rtnitol atilt

agrietdturai practices. ,llany o]" the dark patches art'

thh'k woods hJ't as large lbn'st copses aftt'r land

ch'aring.

{k 7: This hnage shows a region bt the southern

Sorh't Unioll. just east of tilt' ¢it.l" oJ'.llagtteto_gorsk

and the Urals. This is part ol" the great wheat belt

that extends from the Ukraine attd the I'olga in

Ihtnq,t'an Rossia to wt'sterll Siberia..thmy of the

large fiehl_ ill this hnage art, ]'all, nv #_ Jld3' aftt'r

w#tter wheat harvest or he]'or¢ spring wheat reaeht's

a mature stage. Soils ill southwestern Siheria tt'nd

to be rich ill ,lark organic matter (¢hernozemsl.

['¢',_Z"¢Itti"t_ it! .H!:'St" .,'ttV,l,t.l,lainsinch_d_.: grasshuids"

gras._l' marshes, it.t.! ttlt,athlll.s arid hogs. with some

birch and aspcn forest. The lal_t's mat result from

,hill,ion of glacial hlt'ss or sill deposits or other
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glacial acti_'io', along with poor drainage in the fiat-

lands. The reddish swirls consist of algal blooms.

Some lakes are gradually drying out over the )'ears

(l-S) and many are filling with' salt-en.erTtsted silt

(whitish tones) in this semi-arid region. The thin

red lin,'s mark irrigation canals with vegetathm hi

and ah)ng them.

C-S: This region lies along the northwcstert_

end o1" Pakistan. where that cortntO" meets the tip

of ..Ij_,hanistan aml the Bahtchistan Ranges of lran.

The two large morttttaitrs are huge dissected vol-

canoes that rise to 2500 ttr above sea level. Exten-

sive saml dunes develop around L-3 in the Chagai

Ilills attd alluvial fans at 1t-12 and elsewhere occur

at the hast' of the Bahtchistatt ,llotottaitts. Scdir_zetl-

tar.v bedding is evident at 19- 7, K-21, and o thor places:

fl_ints art' especiall.v |'isibh' at K-21 attd Q-21. arld

fohls cart be seett at I-1 i. The linear feature at J-IS

is an eroded faltlt tract' co|'ered with sand deposits.

The light materials at 0-21 probably make up art

igtteous hltntsion (graniteT). The greenish-bhte

falsc coh_rs (orrespond to a _hmtinant .yellow or

.vt'llow-brown ott the ttatural surfaces. Otlc work o/"

mall statrds out: a highway aen_ss the desert (R-S).

..llteration anomalies similar to the Saindak depo-

sits arc presttmably present at L-7 and elsewhere,

but thc t, videttce Jh_m this image alone is htsttffi-

eieltg.

('-q: The scene dq,icts the great Ganges River

delta itt southern Bangladesh..\'car tire image top.

the Jatmtna (Brahmaputra) River joins the Gattges.

The Ganges is obviously choke-laden with silt. in

_'ontrast to the tttllch ch'arer water of tire Jamttna.

.\'ttmerotts distributaries carry watcr lhmr the main

eottrsc of the Ganges into the Bay _ff" Bengal. T.v-

phoons can comph'tel.v imtmhatc or drastically erode

many of the h_w. vuhterabh' coastal islattds, landsat

is help/hi ht assessing gross damage, remapphtg the

ttew shapes and k_catiotrs of islands, attd #rdicating

eonditbms that impl.v htstability itt /'tttttre storms.

I)ettse mattgroves attd other salt water/brests occrlr

at 11-21. i "egchttiott t.vph'al of a h_wla_ttls sttbtropb

cal delta evtends O_:voml _;-19. whih" mountain for-

es!s arc evident at 7"-4. I'egetation is sparse br drier

grasslands at M-4. The varied ground pattt'rtls at

B-7 ,rod elsewhere n'sult from a coorhination of

ptatural sh(l'ts in the Ganges channels arid the itl]ltl-

ettce of a dense population that has stripped off

most forest cover in converting the land to rice.

/ute. attd other crop staples.

C-IO: The hnage shows part of the western

Takla Maklan desert hr the Sinkiang Province of

westernmost China. Excellent hnages are obtained

by Landsat from this part of the world where the

air is ch, ar attd dry orer the higher ele_,ations (here.

about 2000 m). The southwest-trending ridges con-

sist of sedhnentary (layered) rocks that are strongly

ti_hled and perhal,s block-faulted. Mountahrs at

C-3 and elsewhere appear to be umlerla#t largely

by crystallhze (igneous-metamorl_hic) rocks that

give rise to more uni]'onnly dissected terrain with

narrow valleys and sharp divides. A prominent fault

passes northward through 1).15: another is present

at !I-13...llhtvial fans (many t_alescing into boi-

sons) occur at blO and other places as inter_nittent

streams carry materials from the ranges hlto lower

lamllocked bashrs. The motth'd pattern presumably

represents an alluvial plain developed Or h_wer ter-

rain where tT_hemeral streams wander about, eroding

in places and ¢hTosithrg elsewhere. Although trot

eh'ar from the band 7 retldition ahme. this pattern

suggests variable z'egetatitm growth, possibly

swampy hr places.

C-11: This hnage touches the llopeh Provhrce

of north .'astern ('hina southcast o..I"Pekhzg. Tien-

ehing "s a major ciO" (M-S) trear the Gult of Chihli.

The sot, tlwrn enviroos of Pekh_g itself art" just

visible at t1-1. AI,art from these metropolitan

industrial areas, most of the countryside is given to

farming of various kinds. Rice is grown in water-

filh'd paddies at C-14 and Q-13. and also at M-4

attd S-16. In general, the land patterns of farms

away from these rice-rich areas are characterized

by small, irregular plots that lack the sharp bouJr-

daries so O'pical of ..Imerican farms in the Great

Plains. Vast salt evaporating basins occur at R-I1

attd 7"-5. Canals used both fi_r irrigation attd

transportation appear at P-4 attd other places.

C-12: This is part of east central ..I ustralia near

the southwestern corner of Queensland. The area

appears desolate as though dcvoid of any popula-

tion...I roadway rims north from Birdsville to f1" the

bottom of the hnage) through several settlements

m)t visibh' in the image. Cattle grazing is the main
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activity on the land. Longitudinal _htnes (aligned
parallel to prevailing winds) ozark the eastern end

of the Simpson Desert. This Jttl.l" scene is taken
during the winter season in the sou them hemispliere.

This is ttormall)" a dry period h_ a region that gets
less than 20 ;n. of rainfall per )'ear. Floods during

srtmmer (Febr_tar)') are common and cover large

stretches of tire h)u, plaors /'or weeks or more. Fob

lowing this, extensive muiga vegetation-grasses.
acacias, and shntbs-flourish and persist in the

moist gonnd (vast red areas), and depressions like

Lal_e Machattie (S-18) can remain filled to shallow

depths lbr some months. Note the cloud bank at

J-1S. It is casting its shadow to the southwest, as

expected hz the southern hemisphere; at this time
tire Sun's rays slant in from the northeast.
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INDEX

(Note: In general, this index omits individual persorx" names when cited, most localities imaged or described in the text, and references to the

terms appearing in Appendix I-L Many of the entries below are also defined in the Glooetry of Appendix D.)

Absorptance. 24

Absorption edge, 19

Absorptivity, 24
Accuracy, assessment of, 255,256

Accuracy, costs, 259

Accuracy, ground checks, 250

Accuracy, nature, 245,255

Active systems, 37

Additive color, 93

Aerial photographs, 54, 311,331,396

Aerial photography, costs, 392

Aerial thermal images, 346

Agricultural features, 131

Agricultural Stabilization and
Conservation Service (ASCS), 219, 244

AgRISTARS, 405
Aircraft observations, 260

Akeraft, types, 260

Airy pattern, 34

Albedo, 25,350

Alphanumeric signature map. 186 ft'. 450

Analog signals, 35
Ancillary data, 260

Apparent Thermal Inertia (ATD, 35 2, 358

Apollo missions, 38, 333
APPLEPIPS, 212

Applications Explorer Missions (AEb0, 352
Applications Technology Satellite

(ATS), 332

ARGOS, 314

Army Map Service series, 52
Array Processor (ASAP), 194

Aspect, 199
Aspect analysis, 292

Astronaut photography, 38
Atmosphere, influence of, 22

Atmospheric backscatter, 23

Atmospheric correction. 432
Atmospheric features, 23, 1IO

Atmospheric windows, 24

Band, characteristics, 44

Band, defmed, 17

Band ratios, 163,438

Bangladesh, Land Use Association Map,
468

Barnes Spectrometct, 271

Base-to-height ratio. 79
Batch mode, 182. 425

Bendix 24-channel scanner, 379,444

Bidirectional reflectance, 25,432

Bilinear tesampling, 153,431
Biomass measurements. 273

Blackbody, defined. 27

Blackbody, perfect. 27
Blackbody temperature, 28

Bolivian Landsat pin.am, cost savings,

398

Boom, 37

Breadboard system, 264

Btig.htne_ temperature, 38

California. Land Cover map, 468

Camera, 37

CaDordca/Analysts (CA), 169,443

Canopy cover, 275

Cartographic projection, 52

Categorization, 240

Category. 13, 183
Cell search routines, 302

Change detection, 102, 136
Characteristic tones, 89

Charge-coupled device_ (CCD), 384

_y picker, 37, 269

C_-squa:e test, 211

Chlorophyll, 91,222, 340

Chopper. 35

Christian_n frequency, 19
C-_culafly variable filter, 35

CLAM, 323

CI.AS (ORSER), 193, 450

det-med, 12

C'_a._ hierarchies, 13

Class. nature of, 12, 252

Class, spectral, 182,446
Class'ffication, accuracy of, 245,280

_cation, examples of, 188, 190, 210,
213,218, 220,221,223, 2*25,228. 305,

306. 315,320,322

_la_il'ication, levels, of, 182

Classit'ication, principles, 445

Classification, supervised, 182, 193

CLassification, types, 182,446

Classification. unsupervised, 182, 192

Cla_it-_s (classification methods). 204,447

Cloud factor, 64

CLUS (ORSER), 192, 450
Gtustermg, 30, 192,446

Coal wastes, 219
Coastal areas, 139, 222,321

Coastal Zone Color Scanner (CZCS),

141. 334,338

Coastal zone features, 139,222

Color additive process. 31, 93

Color additive viewer, 95

Color composite, 92
Color. meaning, 19

Color. prfehophysical, 19

Color subtractive process, 97

Computer-compatible tapes (CCT),

146.423

Computer-compatible tapes, uses
of. 424

Computer Processing advantages,

146.147; Limitations, 147

Computers, uses of. 147

Compute_ :,_,'_tc,--..:,:he'_¢e 2f, .126
Com'tmon matrix. 258

Contrast stretching, 149,433
Convolution f'dter, 438

"'Cookie-cutter" routine, 314

Correlation, 173

Correlation matti.% 173, 229

"Cosmetic" enhancement, 433

COSMIC, 426

Cost benefits, examples, 396

Cost benefits, studies of, 390,391
Cost model. 392

Cost _.atitioning, 392

Cost savings, 394, 396 ff

Cog tradeoffs, 395

Covariance. 171,422
Covariance matrix, 171,229, 422, 441

Cover type, muhispecttal

representation, 89

Crop calendar, 275

Crop types, 219

Cubic convolution resampling, 153, 431

Data bank, 243
Data Collection Platform (DCF),

262,413

Data Collection System (DES),

262,410

Data element.*. 279, 298

Data maragement system, 282.287

Data requirements, 278

Data transformation, 440 ff
Decision boundaries, 446

Decision Information Display System

(DIDS), 282

Defoliation. 126, 159,217,398

Demonstration projects, 318

Density, film, 30

Density slicing, 204,212,433

Depresszon angle, 368, 372

Destriping, 204,430
Detector, 35, 82,344

Diazo color process, 97

Dielectric constant, 370

Differencing, 168

Diffuse stuface, 24

Digital cot'relator, 372

Digital Number (DN), 82, 152, 204,
215,422,429,436

Digital pmcesxing routines, 147

Digitization. 287
Directional reflectance, 25

Direct Reading Infrared Radiometer
(DRIR), 334

Disaster monitoring, 470

Display annotation, 199

Displays, 194

Distortions, radar imagery, 368, 369

Diurnal heating cycle, 345
Dom.at. 378. 415

Doppkr effect, 368
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l:arth rcsouroes, di._ipline

applications. 5

Farth Resources Inventory System

II'RISL It)0

• I!arth Resources Laboratory 0:RL/, 497

l'arth Resources I'echnology Satellite

I I: R'I ._.L 3

I:alth Restiiilx'+l Ptogralil. statue of. 374

I:ar'.h ri'rrain ('aiili_ra. I IO

I:astern Regioual Remote Sen:,_lg

..tppIiea lion s Cen tee I I': R SS ;iiO iii. li.

I.t_.194.31b-JlS. 455.4q7

Fconolnil" lx.nellls. 3ll9

I!dge ¢lihani.'cinetil. 153. 438

17DIPS. I It}. 41 b. 4q5

I_ITe¢tiv¢ Installlaneous Field of

Vi,.,v '(FI I:OV I. 34

Fft{'C:lve Resolution Flcnlcnt (I'RI'L 34

Figcnstat¢. 17, 173

I'igenvalue. 17. I/3.44 I

Figenvector. 173.44 I

Flee troinaglle tic radiation. 15

Ft¢ctromagnetic radiati.m.

prt_auction of. Ib

Iq¢ctronl:_.m¢tic spectrum. 15

I'lectron bl.'anl recorder II:IIRI. 433

Flectronic lean,lions. 17

I:nligsit4t)'. 27.2S. 343

17niiltanc¢. 20

I,'nergy slaws. 17

Fnhanceulent techniques. 14'# ft. 433 ff

Fntonlologieal eft\'cts. I IS

I'nulueratiou l_strict IFDi. 23:

I:PA ?08 slamte. 247.310. 31 I. 313.

3:5

FPA. 314 statute. 3"5

-" F ROS Data Center. S. 40.44. t_,_. 14'4.

3q?,4 13,4q5

FROS Iluage Data Pro_x,s<ing Facility

IFDIPS). 14q.41b.433

Errors, 21 I. 248

Frrors. coulnltssion. 258

I:rrors. g¢ouletli¢, 252

I:rrots. oiilis_ion. 2.11S

I.rrt ,i. t) I't s..._.
E RI.';AC. iii. vi. I. b. 1')4.31b - 318.45- <,

4o7

FSL Interactive S.%stcul, Ill4

FSMR. 334

I:Sll/lllb. 2o0

Futlophication. 222

I:xcitano:. ?11

I!Xlqoration nlt'_l¢l, mineral

resources. 4itO

I:\posure an,dy_is. 2118

I:.il_." color composite ixli;Jii2e. 711. o4

I:arniland ct_nser..'ation. 32.l

I.'a_t Four;el rran%folni. 151)

I'ealure. dtlilled. 14

I:¢atiilx" extra,'lion. 14

I il_¢rfa t. ;69

Ik.ld llll'Jsurelnonll. 21_$

Field ol View II.OVI. 33

I:loodl'qaln inundations. 133

I:lux. defined, 20

I:lux den_ty. 20

Foreshortening (Radar). 3bll

I:ort'st cover clas._ifieation. 318

Fourier analysis. 20. 438

Fractures as hazards, 247

Full Farth ¢iews° 332

(iau.t._ian (noi'lnM) distribution. 430

t;enlini niLssions. 38

(k'nerM Electric Space _'ieno,:s

Laboratory. 70. 149.409

{;¢obam'd s)'Meilll. 452

(k'ocoding. 284

Geographic Fntry System LGFSI. 19b

tk2ographic Infornlatiou System It;IS)

Iqb. 277 ff. 402

t k.'ogralqtic Information S.vltenl. uses of.

27q.402.452

i k'olo#cal ¢la,.is,+,..I, 254

Geological features, 120 ff.

Ik.'ologicM mall of Pennsylvama, 127

tk0oinetric corrections. 14It. 204.314.

42S

tk'otu¢tri¢ t'id¢lity. 52

(k'opliysics. and A'nlole gt'ni_g. I I

tk;os)'nchronous satellites. 332

( ;Iobal Opera tiona] I.]nvirOlUilen ta]

Salellile 1(;O1"S). 33?

t;Iob.,I Positioning Satellite II;_). 37S

tiIobid Resources [nt'orlnauon

lllO.l..Taln. 4115

t loddard Spa_ Flight t'enler ItlSl:t').

40. 71). 2bq.413

Iit)l,'S. 4711

(;i.ilitv tll.il_. 41111

Ill.it bray. 27. 28

lira)' levels. 3 I. SL}

lira) scale. 3it

Green Acres project+ 32 I

tIRID. 2,11

Grid _.'eil size. 286

t-'rid t orluat. 284

GRIPS. 201

Ground al,l_.'aran<e. 234

Ground Uontrol Points it;UP), l./q. 252

Iiround cover type. 13

(itound Data Ilandling System IGDIIS).

413

tI[OU J Ine.L.iulxolner.ts. 2011

(iround obsen'atio;is. 234. 235

tlroutl_l it.:-:.. 19.t. 233

t;round truth form. 263

Ii_. psy Moth. defoliation by. 12b,

15'L 217

_,_ psy Moth. defoliation, cost

,_a_.angs. 3qS

I I.ir0 ware. 425

Italy. Iblad calnt:ra, 33 l

IIcat _'apacit). 34"I

I lea I t ap.nc115" Mapping .Misqon

IIICMML 352.4qb

I lea I ('.lpacl it Mapping Misxlon.

apphc,iuons, 354.4711

classification I_. gray levels.

364. 366

image enhant_men ts. 362

orbital pararnetcrs. 352

stereo imagery. 364

Ileat Capacity Mai, ping Radiometer

(IICMRL 352

Ileal teitvoir. 350

IlierarchicM clas._fk'ation. 21 ?

Iiigh bandpam t'tltemtg. 159

Iligh densily tape (liD'r). 149. 415

Ilist_vram. 204. 230

Ilislogram equalization. 43_

Ilistogram noml..flization. 430

Ilotinc Oblique Mercator projectiotl.

415,430

IlovLs lpherc. 27

IIRIR. 334

Ilue. 19

Ilurter-Driffidd (II-D)Curve. 30

I ly btid color composite, 440

IBM images 70. 149

Image I OO (GEL 217.420

hnag¢ enhan.._ment. 148

Iniab'_ Processing Fa.:ility IIPF. (,SFC),

52.68. ¢_9.70. 149.358.413. 428

Img'e Variability. b7

InfomtatiCm Management Cycle. 402

Infrared n_gions. 2 I

Insolalion. 22

Instantaneous Fk'ld of View IIFOV'I, 33.

82.83

Inten._ty. 19

Interactions. atonli¢ and nlolecuhr. 16

Interactions. with atmosphere. 23

In lera¢tiv¢ computer systems, 194.425

Interactive Digital Image Manipulation

System (Ir)LMS'). 104 if. 304

Interactive pr_x'¢xsing ntode. 1'.)4. 425

IRIS. 334

Irradianee. 20

Jet Propul._ion Laboratory OPL).

07. 152.37".4¢.8

Johnson Spa_,_ Center. I I O

Kirehhotl's Law. 28

Laboratory for Applications of Remote

Sensing tLARS PurdueL 8.192.426

Laboratoo" measurements. 2t, b

LACII_, 219. 246.403

Lake water quality. 323

Lambertian retrace. 24.370

I.AND ANALYSIS Icla._,afier). 215

Land ctwer ipttmtory, costs of. 3_

I,and cover type. defined. 13

Land cover l'_'pes, visual identification. 98

Landnlark_, 44

Landsat. annotation. 40, 42

Landsat. applications. 5

Landsat Browse Facility. 44.313.4q5

Landmt. ct_t:t. 392 ff

Land,tat. frame identification. 40
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Land_t/GIS interface, 289, 302

Landsat. history., 38,389

Landsat, mineral discoveries. 398

Landsat. mosaics, 77

Landsat, "'nickname", 328

Landsat. number of images, 393

Land_t Receiving Stations, 413,'414,495

Landsat slo_n, 393

Landsat System, 4,409

Landsat-I, data processing. 413

Landsat-I. orbit. 410

Landsat-I, payload. 410.412

Landsa t-I. spacecraft. 409

Landmt-3. RBU. 57

Landsat-3, thermal, 71

Land.mt-D. choic-e of bands. 382

Landsat-D. cost benefits. 395,398

Land_abD. data handling system, 416

Landmt-D, data processing system. 380

Land_t-D. general. 378

Landsat-D, image processing require-

meuts. 378.419

Landmt-D. orbital parameters. 378

Land.mt-O. production requirements,

4t8

Landsat-D. s_nsors. 269. 378

Land_t-D, systems resolution. 380

Land use maps. 182,468

Layover (Radar). 369

Leaf Area Index (LAI). 217

Light, 15

Lineaments. 120 ft. 247

Linear Array Pualbroon) Radiometer

tLAPR). 384

Linear feature analysis, 127

Line dropout. 43 i

LMAP. 450

Luminous F_,ux. 20

LUNR. 286

Macroscopic interactions, lb. 24

Map projections. 430

Maps. 14

Mapsat. 385

Masking. |08

Master Data Processor. (M UP). 415

Maxintun! Like'ihood classifier. 204

Maxwell's equations. ! 5

Merge. Landsat- geophysical data. 402

Merge, Landsat41CM.M. 362

Merge. Landmt-Seasat0 374

Merge. Land.sat-topogl'aphy data. 292

Merge RBV-MSS. 178 ff, 433

M¢leorolo_cai data. use of. 138

Meteorolo#cal satellites. 333

Metropolitan Map Series IMMS). 231

Microcomputers. 21 I. 214

Microprtx'essors. 211 ff.

Microscopic interactions, lb

Mie scattcrmg. 23

Misclassification, 2 i I

Misidentifications. of lineaments. 129

Missaon to Farth, 3.44,b5. 127, 133.

328.455

Mixed pLxels. 83. 243. 252

Model, Conservation. 295

Model, Erosion Potential. 296

Model. Industrial Siting. 297

Model. non-renewable te_urces

exploration. 400

Models, general, 279. 294

Modem, 196

Modulation Function. 34

Modulation Transfer Function. 34

Mosaics. 77.394.395. 468

Mount St. tlelens, empti_

deposits maps. 470

"Multi'" approach. 234

Multidimensional space, 30

MultfliveL 234

Multimission Modular Space-

craft tMMS). 378. 386

Multiph_s¢. 234

Multiscale, 234

Multisensor. 234

Multisourc¢. 234 280

Multisource data correlation. 452

Multispectral approach. 28. 234

Multispectral classific..'/on. 445

Multispectzal imagery. 30

Multispectral Linear tMray IMLA). 385

_iultispectra I Scanner OISS). 3.5.82.

266.411

Multistage. 234

Multitemporal images. 60. 159. 234

Multivariate File. 298

Mun._ll color system, 19

National Academy of Sciences, report

on cost-benefits. 390

National Arias of _e United States, 102

National Cartographic Information

Center (NCIC). 495

NationM Com'erence of State Ix#s-

tatures (NCSL). 498

National (geographic Society.

map, 52.79.495

National Governors :Ltsociation (NGA).

498

National Space S,:ienc¢ Data Center

(NSSDC). 49t.

National TopograpM¢ Map Series. 292

Near infrared. 21

Nearest Neigh hot reiampUng. 153.431

New Jersey programs. 310 ff

Nimbus satellite. 38.333

NMAP IORSERL 191.450

NOAA-NESS. v.. 376. 498

Notre-equivalent ret'lectanoe. 37

Noise-,equivaient thermal _ositivity.

37.71

Non-point pollution. 247.310

Non-.elective scattering. 23

Norm.riized MSS data, ! 79

(k'ean color, 340

(),.',can Color Scanner tOCS), 14 I

Oil spills, 334

Operational Landmt Ob,_rving

System tOLOSl. 385

Opera tions _on _ol Cen mr (OCL-_. 413

Optical correlator. 372

ORSER. 129. 182 t. 394.449 ff

Passive systems. 37

Path-Row system. 40

Pattern, 14

Pattern recognition. 14. 445

Peak. 18. 19

Pennsylvania Power & Light Co.

tPP&£). 297.302

Phenological changes. J34

Photo,,daphic infrared. 21

Photointetpretation.

advantages" 146

costs. 395

limitations. 146

rules for. 102

Photometer. 37

Photomosai¢ costs. 394

Photon, 15

Physio_aphic provinces. 45

Pigeon platforms" 407

Pixel. 3.t. 54, 82

Pixel inhomo_ncity (mlxcd

pixei). 83.85

Pixel. relation to resolution, 33. 83.86 ff

Planck constant. 16

Planek's Law. 17

Planck's quantum hypothesis. 16

Planck's spectral dismbution

law. 27

Polarization. EM radiation. 1.5.23

Polarization. radar signals. 369

Follution effects. 118

Polygon boundaries. 290

Polygon Information Overlay _'stem

(PIOS). 290

Polygons. 256

Portable Field Reflectance

Spectrometer tPFRSL 268

Powder Rivet basin, mapping costs. 397

PP&L/GIS interface. 302

Preprocessmg. 428

Presidenti-.d Directive 54. v. 377

Principal Components Analysis

(/)CA). 169 ff.440 ff

Processing modes. 147. 148

Productivity. crops, 404

Pytanometers" 262

(,Manta. 15

Quantum theory. 15. 17

Ouasi..namtal color images. 97

Quasi-ster¢o. 367.400

Radar. defined. 367

Radar. frequencies, 367. 370

Rad_ images, aircraft. 370

Radar images. Seasat sag. 372

Radar. pulse intensity. 369

Radar range. 368

Radar. resolution. 368

Radar systems, 367

Radiance. d¢fmed. 20
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Radiance. total. 26

Radiant energy. 20

Radiant intensity.. 20

Radiant power. 20

Radiation counter, 37

Radiation flux. 20

Radiation thermometer, 262

Radiometer. 37

Radiometer. hand-held. 273

Radiometric correction. 149

Radiometri¢ quantities. 21

Ratioing. 163 ft'. 438 ff

RaYleigh criterion. 24

Rayleigh-Jeans approximation. 28

Rayleigh scattering. 23

Redundant bands, 439

Reflectance. 24

Refl/._cti,_e infrared. 21

Reflectisity. 24

Regional Appll,.ations Program

tRAP). 496.497

Registlation. of bands or data sets. 256

Regression plots. 275

Remote field tranmnitters. 262

Remote Job Entry (RJE). 449

Remote ._nsm_ basic principles. I I

Remote sensing, del_lned. 10

Remote sensing, histoi3'. 328 ff

Remote _nsmg systems, future. 374

Remote Terminals. 182

Repetitive coverage. 13 I

Resampling. 1._2.431

Re_'aling. 430

Reser.'oiI levels. 136

Resolution. effects of changing. 35

Resolution. deigned. 33

Resolution. spatial. 33.57

Resolution. :p,:ctral. 256

Rcstsaahlen principle, 338

Return I_.an Vidicon _RBVL

57. 175.41_)

Rotating tMter _heel. 35

RotationM energy. 17

Roughness (RadarL 3 70

Runoff effe,:ts. 133

Saltwater wetlands. 32 I

Sarenite. costs. 393

Saturation. lq

S,:ale changes..g2

S_nnet. 37

S,:atter diagram. 44 l

S,:at t ermg.

:lie. 23

Yon_.'lective. 23

Raylet_h. 23

S,:hroedmger equation. 16

_geasat. orbital p_ameters, 372

Scxsat. SAR tmag'es. 373

Seasar...¢nsors. 372

S,._. son development. 264

.'k'nsor platform. 37

Acnsor ,,.v.ltem% 35

Shortwave infrared. 2 |

Side-Looking Airborne Radar tSLARL

307

Signal-to-Noise ratio. 37.82. 344

Signature. delL'ted. 91

Signature extension. 243

Siltation patterns. 14 I

Site inspection. 236. 244

Site ._lection. 243. 244

SKew. 429

Skylab. 38. 109

Slope analysis. 292

Sne_'s Law. 24

SO65 photography. 38. 333

Software. 196. 426

Software manipulation. 288

Software systems. 427

Soil Conservation Service mosaic. 79

Solar illumination, 432

Solar radiation. 22

Solar stereo. 79

Spacelab. 386

Space Oblique Mercator projections.

430

Space Shuttle. 386

Spatial filtering. 153.436

Spatial resolution. 31. 255

Specific beat. 349

Spectral class. 182. 446

SpectrM feature. 19

Spectral lines. 18

Spectral radiontetric quanti_' 2 I

Spectral regions. 2 I

Spectral resolution. 256

Spectral response cu_'e. 26.9 I

Spectral s/gnatur¢, 28.9 I. 266. 338

Spectral subclass. 85

Spectra. types. 18

Spectrometer. 29.37

Spectroradiometer. 37. 262, 26o

Spectroscopy. 18

Spectrum, continuous. 18

Spectrum. di'continuous. IS

Specuhr surfa_v. 24. 370

SPOT. 385

Standard deviation. 422

Standard .Metropolitan Statistical

Area LSMSAL 232. 282

Stahdard of reference. 254

Statistical tots. 238

Statistics. basic overview. 42 I

STA IS. 450

Stcfan-llohzmann Lag'. 27

Stereosat. 80. 385

Stereo viewing. 79

Stretching functions. 436

Strip mining. 120

Subscene. 86

Subtractive color. 93

Sun angle, influence of. 116. 127. 432

Supervised chssafication. 193. 448

Supporting studies. 2+0

Surface Composition Mapping

Radiometer tSCMRL 338

Surface feature. 14

Surface heatmg. 345

Swath width. 33

SXVIR bands. Landsat-D. 379

Synchronous Earth Observations

Satealite (SEOSL 332

Synchronous Meteorological Satellite

tSMS). 332

Synoptic Imagery. 45, 120, 236

Synthetic Aperture Radar (SAR). 368

Technology Applications Center. 496

Temperature changes, factors of. 353

Temperature difference t,_TL 350. 353

Temperature. kinetic, 343

Temperature. meaning of. 343

Temperature profile, in gtounil. 350

Temperature, radiant. 343.3-14

Temperature Sensitivity. 37.7 I. 344

Thematic map, 207.264

Thematic Mapper. 269. 378

Theme. defined. 13

ThermM band tLandsat-3). 7 I. 82

Thermal conductivity. 349

Thermal dtffusiviP/. 349

Thermal image's, interpretation of. 345

Etermal infrared. 21. 344

Themtal infrared systems. 346

Thermal inertia. 349. 352

Thermal properties. 349

Thermal sensitivity. 37.71. 344

Themtography. 343

TIROS. 38. 333

Topographical Analysis. 2_2

Topographical Transformations, 292

Total Information Systems. 399

Tracking and Data Relay Satellite

tTDRS). 378

Training courses IERRSAC). 317

Training sanlples, 196

Training sites. 237

Framing sites

categorization. 240

distribution. 242

homogeneity. 242

locating. 243

_h.'ction, 23-1

size and shape. 24 i

Tranmtissivity, 24

rranmtittance. 24

Transparency image. 70

T:ichtomaticity. 19

Tristimulus theory. 19

Trough. 18. 19

Turbidity. 224

Ultraviolet region. 21

UMAP tORSI:R). 193.450

Untied States Geological Survey.

97. 102. 152. 182.255.3t3. 364. 385.

392,395

Universal l'tans'verse Mercator. 430

Universities. cour._$ in remote

*'.'nsing. 496

Unsupeod_ed classification. 192. 446

Upper Volta project, costs. 475

Upper Volta project, rescttlements

map. 471

Urban growth. 224 ff
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Urban growth project, 321
Urban heat island effect, 74

User awareness. 316

Variance, 169,422

Variance-covariance matl'ix, 173,
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Vector space, 193

Vegetation Index, 163 ft. 337

Vibrational energy, 17
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Views analysis. 292

Visible region, 21
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Water pollution, 139. 247. 310

Water quality, 133. 222• 310. 323
Water resources, 224

Wavelength, defined, 15
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Weighting, 296
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Worldwide Reference System, 40
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